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Biology

Practice Test
Content Summary and Answer Key

Question Iltem Answer
No. Type Topic Subtopic Key Points
Graphic . Structure and function of .
] Response Heredity DNA in cells — |2 poins
Short . . .
2 Response Heredity Cellular Genetics - 2 points
Graphic : : .
3 Evolution Mechanisms --- 2 points
Response
Classification systems are
frameworks created by
Short Diversity and scientists for describing the
4 ResDONsE Inter-dependence|vast diversity of organisms, --- 2 points
P of Life indicating the degree of
relatedness between
organisms.
5 Graphic Evolution Diversity of Life --- 2 points
Response
Multiole Diversity and
6 P Interdependence |Ecosystems C 1 point
Choice .
of Life
Classification systems are
frameworks created by
Graphic Diversity and scientists for describing the
7/ Res ponse Interdependence |vast diversity of organisms, --- 1 point
P of Life indicating the degree of
relatedness between
organisms.
Graphic . Genetic Mechanisms .
8 Response Heredity and Inheritance = | 1point
Multiple Cell Structure and .
4 Choice Cells Function A I point
. Diversity and
10 (RBrophlc Inferdependence [Ecosystems - 1 point
esponse :
of Life
Evidence-
11 Based Cells Cellular Processes B; D 1 point
Selected

Response




Biology

Practice Test
Content Summary and Answer Key

Question ltem Answer
No. Type Topic Subtopic Key Points
Multiple . Genetic Mechanisms .
12 Choice Heredity and Inheritance C I point
13 Multi- Cells Cell Structure and Function A;D; F | 1 point
Select
Graphic . .
14 Response Cells Cell Structure and Function --- 1 point
Multiple , : .
15 Choice Heredity Modern Genetics B 1 point
16 Simulation*| Cells Cellular Processes - -
Graphic . .
17 Response Cells Cellular Processes 1 point
Multiple .
18 Choice Cells Cellular Processes B 1 point
19 Table Evolution Diversity of Life -—- 1 point
Graphic . . . . .
20 Response Evolution Diversity of Life -—- 1 point
Classification systems are
o frameworks created by
Diversity and scientists for describing the
21 Matching |Interdependence |vast diversity of organisms, — 1 point
of Life indicating the degree of
relatedness between
organisms.
22 Graphic Heredity Mutations -—- 1 point
Response
Classification systems are
frameworks created by
Multiole Diversity and scientists for describing the
23 VTP Interdependence |vast diversity of organisms, B 1 point
Choice of Life indicating the degree of
relatedness between
organisms.
Multi-
24 Interaction|Evolution Diversity of Life - 1 point
ltem

*The Simulation is numbered but not scored.
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Question 1

- D

The partially completed diagram
shows a double-stranded DNA
malecule undergoing two rounds
of DNA replication. The orginal
DMA strands are shown in blue.

g
Newly formed DNA strands are —§ Original
b

Results of DNA Replication

shown in yellow. DNA : !
strand . X
A. Ploce a DNA moleculeinte | |0 @ L L seeees
each of the blank boxes to
predict the results of the first

round of DNA replication.

N : :

S T b

B. Place a DMNA molecule into
each of the blank boxes to
pradict the results of the
second round of DNA
replication.

* Place only one molacule in aach
blank box. .
* ‘You may use each molecule '
more than once. P

Points Possible: 2

See Alignment for more detail.

Scoring Guidelines

For this item, a full-credit response includes:
e “Blue and Yellow” DNA in each box after the first round (1 point)
AND

e One "Blue and Yellow" DNA in either box and one “Yellow and Yellow"
DNA in the other box after the second round (1 point).

For this item, a partial-credit response includes:
* Placing a "Blue and Yellow” DNA in each box after the first round (1 point)
OR
* Placing a “Blue and Yellow” DNA in the bottom first round
AND

* Placing one “Blue and Yellow” DNA and one “Yellow and Yellow”
DNA in either of the boxes after the second round (1 point).
2



Alignment

Topic
Heredity

Subtopic

Structure and function of DNA in cells

Content Elaboration

Life is specified by genomes. Each organism has a genome that contains all of
the biological information heeded to build and maintain a living example of that
organism. The biological information contained in a genome is encoded in its
deoxyribonucleic acid (DNA) and is divided into discrete units called genes.

Genes are segments of DNA molecules. The sequence of DNA bases in a
chromosome determines the sequence of amino acids in a protein. Inserting,
deleting or substituting segments of DNA molecules can alter genes.

An altered gene may be passed on to every cell that develops from it. The resulting
features may help, harm or have little or no effect on the offspring’s success in its
environments.

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific terminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Item

This item requires the student to understand how original DNA strands and new DNA
strands are distributed during two rounds of DNA replication. When DNA replicates,
an original strand serves as the template for the nucleotides to sequence for the
complementary strand. In the first round of DNA replication, there should be a blue
and yellow double helix in both boxes. In the second round of DNA replication,

a blue strand serves as the template and a yellow strand serves as a template.

The newly formed DNA strand is yellow. There should be one blue and yellow double
helix and one completely yellow double helix in the boxes provided. The placement
of these DNA samples does not impact scoring.
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Sample Response: 2 points

The partially completed diagram
shows a double-stranded DNA
molecule undergoing two rounds
of DNA replication. The original
DMNA strands are shown in blue.
MNewly formed DNA strands are
shown in yellow.

A, Place a DNA moleculs into
gach of the blank boxes to
predict the results of the first
round of DNA replication.

B. Place a DNA molecule into
each of the blank boxes to
predict the results of the
second round of DNA
replication.

* Flace only one molecule in each
blank box.

* You may use each molecule
more than once.

round === /"' :
\ § B. Second ="
i :

Results of DNA Replication

round el

Notes on Scoring

does not impact scoring.

This response earns full credit (2 points) because it
selected the blue and yellow DNA to illustrate what
happens after the first round of replication. The blue
strand serves as the template, and the yellow strand is
newly formed DNA. The second round of replication
correctly illustrates a blue and yellow DNA strand
(double helix) and a completely yellow DNA strand
(double helix). The placement of the resulting DNA




Sample Response: 2 points

)

The partialy completed diagram
shows a double-stranded DNA,
molecule undergoing two rounds
of DNA replication. The original
DMNA strands are shown in blue,
Newly formed DNA strands are
shiown in yellow.

ra

A, Place g DNA molecule into
each of the blank boxes to
predict the results of the first
round of DNA replication.

& D

B. Ploce a DNA molecule into
each of the blank boxes to
predict the results of the
second round of DNA

LNOUNEVNINE

replication.

#* Place only one moleculs in each
blank box,

* fou may use each molecule
moreg than once.

Results of DNA Replication

uuuuuu

Criginal : :
DNA : !
sirand ' '

y 2

A, First === : :

on ;S|

\. \ re®l E'-. E

. . B. Second T

" ' reund - -

Notes on Scoring

This response earns full credit (2 points) because it
selected the blue and yellow DNA to illustrate what
happens after the first round of replication. The blue
strand serves as the template, and the yellow strand is
newly formed DNA. The second round of replication
correctly illustrates a blue and yellow DNA strand
(double helix) and a completely yellow DNA strand
(double helix). The placement of the resulting DNA
does not impact scoring.




Sample Response: 1 point

0 CTED

The partially completed diagram
shows a double-stranded DNA
malecule undergoing two rounds
of DNA replication. The original
DNA, strands are shown in blue,
MNewly formed DNA strands are
shown in yellow.

Original ' I
DNA ’ |
strand ' 1
y 2

A. First ="

A. Flace a DMA molecule into
each of the blank boxes to
predict the results of the first
round of DNA replication.

B. Flace a DMA meolecule info
each of the blank boxes to
predict the results of the
second round of DNA
replication.

UNUNG UNUNEINING

# Flace only one molecule in each
blank box.

* You may use each molecule
more than once.

round -

round e===- /"
h \ngfl_hcond--

Resulls of DNA Replication

......

Notes on Scoring

This response earns partial credit (1 point) because it
correctly selects the blue and yellow DNA strands for
the first round of replication. The second round of
replication does not receive credit because only one
DNA strand would be blue and yellow. The other one
would be completely yellow.




Sample Response: 1 point

The partialy completed diagram
shows a double-stranded DNA
molecule undergoing two rounds
of DNA replication. The original
DMA strands are shown in blue.

0 D

Mewly formed DNA, strands are

shown in yellow,

A. Place a DNA molecule info
each of the blank boxes to
predict the results of the first
round of DNA replication.

B. Place a DMNA molecule into
each of the blank boxes to
predict the results of the
second round of DNA
replication.

PNUNEINUNE NN

* Place only one molecule in each
blank box.

* You may use each molecule
maore than once.

Original
DNA
strand

:

Results of DNA Replication

A, First
round

.

-

7

B. Second

round

.

Notes on Scoring

blue and yellow.

This response earns partial credit (1 point) because it
correctly selects the blue and yellow DNA strands and
the yellow strand of DNA for the second round of
replication. The first round of replication does not
receive credit because both DNA strands would be




Sample Response: 1 point

The partially completed diagram
shows a double-stranded DNA
melecule undergoing two rounds
of DNA replication. The orginal
DHA strands are shown in blue.,

& D

MNewly formed DMNA strands are

shown in yellow.

A, Place a DNA moleculs into
each of the blank boxes to
predict the results of the first

round of DNA replication.

B. Place a DMNA moleculs into
each of the blank boxes to
predict the results of the
second round of DNA
replication.

UNUNENUNEPNUNG

* Place only one molecule in each
blank box.

* You may use each molecule
maore than once.

Results of DNA Replication

Criginal
DNA
strand

-

A. First

~
2

. B. Second -

Notes on Scoring

one yellow.

This response earns partial credit (1 point) because it
correctly selects the blue and yellow DNA strands for
the first round of replication. The second round of
replication does not receive credit because one of the
DNA strands would be blue and yellow and the other

10




Sample Response: 0 points

T | © Crmm

The partially completed diagram
shows a double-stranded DNA
molecule undergoing two rounds
of DNA replication. The original
DNA strands are shown in blue.
MNewly formed DNA strands are
shown in yellow.

Results of DNA Replication

A. Place a DMNA molecule info
each of the blank boxes to
pradict the results of the first
round of DNA replication.

B. Ploce a DMNA molecule into
each of the blank boxes to
predict the results of the
second round of DNA
replication.

\ >2
* Place only one moleculein | | 7 . E

round -

TOURLRIRY,
:
MK

round ----- / > |1
- bl HL" 4
< \i : :8‘-\:
. . B. Second =+
LY

each blank box,
* You may use each molecule :
more than once. =

Notes on Scoring

This response earns no credit (0 points) because it
fails to select the blue and yellow DNA strand for
both boxes after the first round of replication. It also
incorrectly selects the DNA strands for the second
round of replication. From Sample B, the selected
DNA strands would not match the predicted paftern
identified in the item.

11



Sample Response: 0 points

© CTI—D

The partially completed diagram
shows a double-stranded DNA
malecule undergoing two rounds
of DMNA replication. The original
DMA strands are shown in blue.
Newly formed DNA strands are
shown in yellow.

Results of DNA Replication

Original

\

DNA . .

strand : "
AN €A

A. Place a DNA mclecule info
each of the blank boxes to
predict the results of the first
round of DNA replication.

A. First ="
B. Place a DNA molecule into
each of the blank boxes to

SN
. : :
predict the results of the : § ; B. Second

second round of DNA round -----

replication. \ §

NUNE NUNE INOUN'E

* Flace only one molecule in each |
blank box. :

* You may use each molecule
maore than once.

Notes on Scoring

This response earns no credit (0 points) because it
fails to select the blue and yellow DNA strand for
both boxes after the first round of replication. It also
incorrectly selects the DNA strands for the second
round of replication. From Sample B, the selected
DNA strands would not match the predicted pattern
identified in the item.

12
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Question 2

Scientfists are studying the protein in the Na™-K* pump found in nerve and
muscle cells from < pig. They are interested in learning how DNA and proteins

from two different types of cells from the same organism compare to one
another.

Describe the resulis scientists should see if they test both cells for the presence
of the gene that produces this protein in the Na™-K* pump.

Describe how protein synthesis is required to express the gene that produces
this protein in the Na*-K* pump.

Type your answer in the space provided.

B I VUEL|iz3=+ #||XDh&«~|%

| Q

Points Possible: 2

See Alignment for more detail.

14




Scoring Guidelines

The response provides essential aspects of a complete
interpretation and/or a correct solution. The response thoroughly
addresses the points relevant to the concept or task. It provides
strong evidence that information, reasoning and conclusions have
a definite logical relationship. It is clearly focused and organized,
showing relevance to the concept, task and/or solution process.
The response correctly

* describes the results of a test for the presence of the gene in
the nerve cell and muscle cell;

* describes the cellular process required to express a gene.

The response provides evidence of a partial interpretation and/or
solution process. It demonstrates an incomplete understanding

of the concept or task. It contains minor flaws in reasoning.

It neglects to address some aspect of the concept or task. The
response correctly

» describes the results of a test for the presence of the gene in
the nerve cell and muscle cell;

» describes how protein synthesis is required to express a gene.

Score Point Description
2 points
AND
1 point
OR
0 points

The response does not meet the criteria required to earn one point.
The response indicates inadequate or no understanding of the task.

15



Alignment

Topic
Heredity

Subtopic

Cellular Genetics

Content Elaboration

Life is specified by genomes. Each organism has a genome that contains all of the
biological information needed to build and maintain a living example of that
organism. The biological information contained in a genome is encoded in its
deoxyribonucleic acid (DNA) and is divided into discrete units called genes.

Genes code for protein. The sequence of DNA bases in a chromosome determines
the sequence of amino acids in a protein.

Cognitive Demand
Recalling Accurate Science (R)

Requires students to provide accurate statements about scientifically valid facts,
concepts and relationships. Recall only requires students to provide a rote response,
declarative knowledge or perform routine mathematical tasks. This cognifive
demand refers to students’ knowledge of science fact, information, concepts, tools,
procedures (being able to describe how) and basic principles.

Explanation of the ltem

This item requires the student to compare and contrast the DNA and proteins in two
different types of cells from the same organism and describe how protein synthesis is
related to the expression of a gene. Looking at the protein in the Na™-K™ pump in
nerve and muscle cells in a pig, the genes will be the same. The gene is expressed
by protein synthesis because DNA is transcribed to mRNA. Then the mRNA moves to
a ribosome in the cytoplasm where it is translated into a Na*™-K™ pump protein.

16
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Sample Response: 2 points

Scientists are studying the protein in the Na™-K* pump found in nerve and
muscle cells from a pig. They are interested in learning how DNA and proteins

from two different types of cells from the same organism compare to one
another.

Describe the results scientists should see if they test both cells for the presence
of the gene that produces this protein in the Na™K* pump.

Describe how protein synthesis is required fo express the gene that produces
this protein in the Na™-K" pump.

Type your answer in the space provided.

|B I U L|li= &= I

B « ~+||%||Q

The scientist should find that both cells should have the gene needed ‘ro_Produce
the protfein in the 'na+-K+ pump. In order for that gene 1o be expressed it must first
undergo transcription and become an mRMA which must then undergo franslafion
to be expressed as a protein.

Notes on Scoring

This response earns full credit (2 points) because it
correctly states that “both cells should have the gene
needed to produce the protein... ."” It goes on to
explain that the gene “must first undergo transcription
and become an mRNA which must then undergo
translation to be expressed as a protein.”

18



Sample Response: 2 points

Scientists are studying the protein in the Na™K* pump found in nerve and
muscle cells from a pig. They are interested in learning how DNA and proteins

from two different types of cells from the same organism compare fo one
another.

Describe the results scienfists should see if they test both cells for the presence
of the gene that produces this protein in the Na™-K" pump.

Describe how protein syntheasis is required to express the gene that produces
this protein in the Na*-K* pump.

Type your answer in the space provided.

1B I U L= 2= = #| . o ||

| Q

The scientists should see the exact same DMNA sequence in each cell. Each cellin
the same organism has the same DNA sequnce. This DNA sequnce is used to
make proteins though portein synthesis. The DNA is franscribed to mRNA. Then the
mRMNA moves to a noosome in the cytoplasm. In the ribosome, it is franslated. tRNA
brings the comrect anti codon for each amine acid, as well as the comect amine
acic for the mRNA. Three nucleofide bases on the mRNA acount for one amino
acid. As the amino acids confinue to come a protein is build by binding the amino
acids with peptide bonds. However, not every Prcdein is made every single time.
Ou bodies have a way of ]L}Sf_USIﬂ% profein synthesis on just o partial parf of DA,
so that only a certain protein is synthesized.

Notes on Scoring

This response earns full credit (2 points) because it
correctly addresses both tasks of the item. The first:
“Each cell in the same organism has the same

DNA sequence.” The second: “The DNA is tfranscribed
to mRNA. Then the mRNA moves to a ribosome in

the cytoplasm. In the ribosome, it is franslated. tRNA
bring the correct anti codon for each amino acid,

as well as the correct amino acid for the mRNA... .”
The response goes on to provide more details about
protein synthesis.

19



Sample Response: 1 point

Scientists are studying the protfein in the Na™K* pump found in nerve and
muscle cells from a pig. They are interested in learning how DNA and proteins

from two different types of cells from the same organism compare to one
another.

Describe the results scientists should see if they test both cells for the presence
of the gene that produces this protein in the Na™K* pump.

Describe how protein synthesis is required to express the gene that produces
this protein in the Na*-K™ pump.

Type your answer in the space provided.

/B I U L ||i= 3= 4 | | - |E||§|

The scientists should see thatf the nerve and muscle cells both have the gene that
?roduces the protein in the Ma+-K+ pump. Protein synthesis is required to express
his pretein in the pump, because if not synthesized the pretein could not express
the gene properly, and mutations are more possible.

Notes on Scoring

This response receives partial credit (1 point) for
addressing the first task correctly: “...both have the
gene that produces the protein in the Na™-K™ pump.”
The second point is not earned because the response
fails to describe how protein synthesis is required to
express the gene for the Na*™-K* pump: “Protein
synthesis is required to express this protein in the
pump... the protein could not express the gene
properly... ." This response does not indicate how the
gene is expressed and is too vague to receive credit.

20



Sample Response: 1 point

Scientists are studying the protein in the Na™kK* pump found in nerve and
muscle cells from < pig. They are inferested in learning how DNA and protfeins
from two different types of cells from the same organism compare to one
another.

Describe the results scientists should see if they test both cells for the presence
of the gene that produces this protein in the Na™K* pump.

Describe how protein synthesis is required to express the gene that produces
this protein in the Na*-K* pump.

Type your answer in the space provided.

|B I U FL||li= 3= = || « |

ac

Q)

The results scientist should see if they test both cells for the presence of the gene
are that the DHA and profeins from the different fypes of cells are the same when
compared. Protein synthesis is required because it makes the protein.

Notes on Scoring

This response receives partial credit (1 point) for
indicating “...that the DNA and proteins from the
different types of cells are the same when compared.”
The response does not provide enough information to
claim the second point.

21



Sample Response: 1 point

Scientists are studying the protein in the Na™-K* pump found in nerve and
muscle cells from a pig. They are interested in learning how DNA and proteins
from two different types of cells from the same organism compare fo one
another.

Describe the results scientists should see if they test both cells for the presence
of the gene that produces this protein in the Na™K* pump.

Describe how protein synthesis is required to express the gene that produces
this protein in the Na*-K* pump.

Type your answer in the space provided.

(B I UKL= | « ~|l%]Q

The twe different cells in the Ma+-K+ pump of the pig's nerve and muscle cells
should present the same gene that produces the pump in the crganism. This is
vbecause the No+K+ pump is found in both the nerve and muscle cells, so they
must code for the same protein for the pump. Profein synthesis is required to
express the gene that produces this protfein in the Na+-K+ by forming )
complementary amine acids in groups of bases for the pretein, called anfi
codons, then cennecting them fogether fo form the proteins in amine acid
chains.

Notes on Scoring

This response earns partial credit (1 point) for stating “...
the pig’s nerve and muscle cells should present the
same gene that produces the pump in the organism.”
The second point is not earned because the response
does not provide enough detail to describe how
protein synthesis is required to express the gene for the
Na™K" pump.

22



Sample Response: 0 points

Scientists are studying the protein in the Na™K* pump found in nerve and
muscle cells from a pig. They are inferested in learming how DNA and proteins
from two different types of cells from the same organism compare to one
another,

Describe the resulfs scientists should see if they fest both cells for the presence
of the gene that produces this protein in the Na™K* pump.

Describe how profein synthesis is reguired to express the gene that produces
this protein in the Na*-K" pump.

Type your answer in the space provided.

(B 1 U L||iz o= = % « ~+|%| Q]

1. The resulf scienfists should see if they tests both cells for the presence of the
gene that preduces the protein in the pump would maybe be the same since the
pump produces the same protein.

2. Protein synthesis is required to express the gene that produces the protein in the
pump because with out it there would be no protein.

Notes on Scoring

This response earns no credit (0 points) because it
states “...would maybe be the same since the pump
produces the same protein.” This indicates a lack of
understanding. The gene would be the same for both
cells. The second statements does not provide enough
detail to describe how protein synthesis is required to
express the gene for the Na*-K* pump.

23



Sample Response: 0 points

Scientists are studying the protein in the Na"-K* pump found in nerve and
muscle cells from a pig. They are interested in learning how DNA and proteins

frem two different types of cells frem the same crganism compare to one
another.

Describbe the results scientists should see if they test both cells for the presence
of the gene that produces this protein in the Na™-K* pump.

Describe how protein synthesis is required to express the gene that produces
this protein in the Ng*-£* pump.

Type your answer in the space provided.

(B 7 v L[z = = #|[x & & « ~]|[%][Q]

Results from the scientists if they test both cells for the presence of a gene that
roduces thiz profein is most likely going o be different. Protein synthesis is reguired
o express the gene that produces this protein because that is what it is, is protein
and they have to test that.

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly states that “...a gene that produces this
protein is most likely going to be different.” The second
statement does not describe how protein synthesis is
required to express the gene for the Na*™-K™ pump.

24



Sample Response: 0 points

Scientists are studying the protein in the Na™K" pump found in nerve and
muscle cells from a pig. They are interested in learning how DNA and proteins
from two different types of cells from the same organism compare to one
ancfher.

Describe the results scientists should see if they test both cells for the presence
of the gene that produces this profein in the Na®-K* pump.

Describe how protein synthesis is required to express the gene that produces
this protein in the Na*-K* pump.

Type your answer in the space provided.

B I UL == k] « ~|[%][q]

Scientists should see that both cells have the protein Na+K+. o
Protein synthesis is required 1o express the gene thatf produces this protein in the

Na+K+ pumﬁ because the protein synthesis exposes the gene, whihch shows that
it produces the protein.

Notes on Scoring

This response earns no credit (0 points) because it is
not responsive to the task. It does not compare the
presence of the gene that produces the Na™-K* pump.
The second statement does not provide enough detail
to describe how protein synthesis is required to express
the gene for the Na™-K" pump.
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Question 3

A computer program models the 100%

changing frequency of a single >

allele tor three different & e

population sizes. For each 9 8 5o

?opulaﬂon, the program runs a0

hree simulations for fifty 2
enerations. The changes in alele 0% i

requﬁné:? forheoch simulation are Generations U

graphed as shown.

o 100%T

Determine which alele frequency P 2

graph matches which population _g § 50%A

size. = &

A. Move the corect population = 0% 4
size labels into the blank boxes Generations C
next to the approprate 100%T
graphs. >

]

B. Click on the graph that shows o § MM
the greatest impact on g
genetic variation from genetic =
clrift. 0 51]

Generalions

Population
Size

a0
individuals

300
individuals

3,000
individuals

* Use only one label in each blank
box.

Points Possible: 2

See Alignment for more detail.

Scoring Guidelines
For this item, a full-credit response includes:
e “300 individuals” in the top box
AND
e “30 individuals” in the middle box
AND
e “3,000 individuals” in the bottom box (1 point)
AND

* The middle graph selected (1 point).
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Alignment

Topic
Evolution

Subtopic

Mechanisms

Content Elaboration

Biological evolution explains the natural origins for the diversity of life. Emphasis shifts
from thinking in terms of selection of individuals with a particular trait to changing
proportions of a trait in populations. The study of evolution must include Modern
Synthesis, the unification of genetics and evolution and historical perspectives of
evolutionary theory. The study of evolution must include gene flow, mutation,
speciation, natural selection, genetic drift, sexual selection and Hardy Weinberg's law.

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific terminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Item

This item requires the student to interpret graphic data of an allele’s change in
frequency over many generations and correlate this to population size and genetic
drift. In genetic drift, the change in the genetic composition of a population is due to
chance or random events. In large populations, the effect of genetic drift is minimal
but it has a greater impact in small populations. In a small population, genetic drift
can result in some alleles occurring more frequently while others occur less frequently.
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Sample Response: 2 points

A computer program models the —
changing frequency of a single » 100% Population
allele Tor three different .- 5 Size
population sizes. For each @ 2 5.
population, the program runs T {individuals
three simulations for fifty £
enerations. The changes in dllele 0% {
requency for each simulation are Generalions 0
graphed as shown.
. . o 100%T
Determine which allele frequency ™ 2 ] 30
; ! < ]
sgég!}h matches which population % E’ 50 {individuals
A, Move the comrect population i
size labels into the blank boxes Generations 70
next to the approprate 100%+
graphs. >
, 2 c 1 3000
B. Click on the graph that shows S 3 So%pede e individuals
the greatest impact on < g
genetic variation from genetic =
drift. [ J
Generations ¥
® Use only one label in each blank
box.

Notes on Scoring

This response earns full credit (2 points). It correctly
matches the population size with the proper allele
frequency graph. In large populations, the effect of
genetic drift is minimal, but it has a greater impact in
small populations. In a small population, genetic drift
can result in some alleles occurring more frequently
while others occur less frequently. The response
correctly selects the middle graph, which indicates the
smallest population that shows the greatest impact on
genetic variation from genetic drift.
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Sample Response: 1 point

A computer program models the
changing frequency of a single > 100% Population
allele for three different @ E o Size
population sizes. For each o 50%, .
?Dpuluﬂcm, the program runs I T individuals
hree simulations for fifty 2
?eneraﬁons. The changes in allele 0% 2
requency for each simulation are Generations
graphed as shown. ~100%
Determine which allele frequency 2 300
graph matches which population é 2 5o individuals
size, .E
A, Move the comect population 0% {

size labels into the blank boxes Generations 50

next to the appropriate -

araphs. 5100%

] ] 3.000

B. Click on the graph that shows ° § 50% e e individuals

the greatest impact on ey g

genetic variation from genetic =

drift. 0% S:D

Generations

. gse only one label in each blank

Ox.

Notes on Scoring

This response earns partial credit (1 point). It incorrectly
matches the population size with the proper allele
frequency graph. In large populations, the effect of
genetic drift is minimal, but it has a greater impact in
small populations. In a small population, genetic drift
can result in some alleles occurring more frequently
while others occur less frequently. The response
correctly selects the middle graph, which indicates the
population that shows the greatest impact on genetic
variation from genetic drift.
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Sample Response: 1 point

A computer program models the
changing frequency of a single
dllele for three different
population sizes. For each
population, the program runs
three simulations for fifty
?eneraﬁons. The changes in dllele
requency for each simulation are
graphed as shown.

Determine which allele frequency
graph matches which population
size.

A, Move the comrect population
size labels into the blank boxes
next to the appropriate
graphs,

B. Click on the graph that shows
the greatest impact on
ge_-{r;eﬁc variation from genetic

M.

* Use only one lakel in each blank
box.

}_ID()%--
1] E — 51.00 =
(7}
E E. 50%1 individuals
ﬂ% {
Generations 50
h]Dﬁ%--
(]
P 5
- E_ individuals
w 1)
°  Generations 50
100%
R [N
L 5 3,000
S 2 S0n AR {individuals
<g
= J
Generations ~°

Population
Size

Notes on Scoring

This response earns partial credit (1 point). It correctly
matches the population size with the proper allele
frequency graph. In large populations, the effect of
genetic drift is minimal, but it has a greater impact in
small populations. In a small population, genetic drift
can result in some alleles occurring more frequently
while others occur less frequently. The response
incorrectly selects the top graph, which does not
indicate the population that shows the greatest impact
on genetic variation from genetic drift.
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Sample Response: 0 points

A computer program models the
changing frequency of a single
allele for three different
population sizes. For each
population, the program runs
three simulations for fifty

enerations. The changes in allele
requency for each simulation are
graphed as shown.

Determine which allele frequency
graph matches which population
size.

A. Move the comrect population
size labels into the blank boxes
next to the appropriate

graphs.

B. Click on the graph that shows
the greatest impact on
genetic variation from genetic
drift.

* Use only one label in each blank
box.

Allele
Frequency
3
&4

8
by

50

individuals

Generations
5 100% T
7
25
2 5 50%
<3
t ]
0% Generations 50
}Im%--
[ #]
[T
° g_ 50% (eI N o
<o
[

0%

Generations

50

3.000
individuals

individuals

Population
Size

Notes on Scoring

This response earns no credit (0 points). It incorrectly
matches the population size with the proper allele
frequency graph. In large populations, the effect of
genetic drift is minimal, but it has a greater impact in
small populations. In a small population, genetic drift
can result in some alleles occurring more frequently
while others occur less frequently. The response
incorrectly selects the top graph, which does not
indicate the population that shows the greatest impact
on genetic variation from genetic drift.
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Sample Response: 0 points

box.

A computer program models the

* Use only one label in each blank

changing frequency of a single > 100%
cllele for three different o c == :?-C_iDO =
population sizes. For each o 2 507 Lo
population, the program runs =0 individuals
three simulations for fifty £
enerations. The changes in allele 0% d
requeancy for each simulation are Generations 50
graphed as shown. 100%
Determine which allele frequency © E 30
’ ; g
g;g{:nh matches which population % E’ 50% ijl Cf'ﬂ ‘5!,'-',‘3“;‘:
A, Move the correct population = 0% 4
size labels into the blank boxes Generations 2°
next to the appropriate 100% 1
graphs. >
- 300
B. Click on the graph that shows g3 m%-mm individuals
the greatest impact on = 4
ge;#eﬂc variation from genetic = |
rift. y
0% Generations S0

Population
Size

Notes on Scoring

This response earns no credit (0 points). It incorrectly
matches the population size with the proper allele
frequency graph. In large populations, the effect of
genetic drift is minimal, but it has a greater impact in
small populations. In a small population, genetic drift
can result in some alleles occurring more frequently
while others occur less frequently. The response
incorrectly selects the bottom graph, which does not
indicate the population that shows the greatest impact
on genetic variation from genetic drift.
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Question 4

Scientists study the evolutionary relationships of species to better understand the
history of life on Earth.

Describe two methods that scientists can use to determine whether two species
[modern or extinct) are closely related.

Type your answer in the space provided.

i= .=

(B I VL= == #|[xB G« ~|%|Q

Points Possible: 2

See Alignment for more detail.
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Scoring Guidelines

Score Point

Description

2 points

1 point

0 points

The response provides a complete interpretation and/or correct
solution. It demonstrates a thorough understanding of the concept
or task. It indicates logical reasoning and conclusions. It is
accurate, relevant and complete. The response correctly

* Describes two methods scientists can use to determine whether
two species (modern or extinct) are closely related.

The response provides evidence of a partial interpretation and/or
solution process. It demonstrates an incomplete understanding

of the concept or task. It contains minor flaws in reasoning.

It neglects to address some aspect of the concept or task.

The response correctly

* Describes one method scientists can use to determine whether
two species (modern or extinct) are closely related.

The response does not meet the criteria required to earn one point.
The response indicates inadequate or no understanding of the

task and/or the idea or concept needed to answer the item.

The response may provide an incorrect solution/response.
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Alignment

Topic
Diversity and Interdependence of Life

Subtopic

Classification systems are frameworks created by scientists for describing the vast
diversity of organisms, indicating the degree of relatedness between organismes.

Content Elaboration

Classification systems are frameworks developed by scientists for describing the
diversity of organisms, indicating the degree of relatedness between organismes.
Recent molecular-sequence data generally support earlier hypotheses regarding
lineages of organisms based upon morphological comparisons. Both morphological
comparisons and molecular evidence must be used to describe biodiversity.

Cognitive Demand
Recalling Accurate Science (R)

Requires students to provide accurate statements about scientifically valid facts,
concepts and relationships. Recall only requires students to provide a rote response,
declarative knowledge or perform routine mathematical tasks. This cognitive demand
refers to students’ knowledge of science fact, information, concepts, tools,
procedures (being able to describe how) and basic principles.

Explanation of the Item

This item requires the student to recall the different ways that scientists are able to
determine the evolutionary relationships among diverse species. Both morphological
comparisons and molecular evidence (modern or extinct) can be used to compare
the degree of relatedness among organisms.
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Sample Response: 2 points

Scientists study the evolutionary relationships of species fo better understand the
history of life on Earth.

Describe two methods that scientists can use to determine whether two species
[modern or exfinct) are closely related.

Type your answer in the space provided.

|B I U Lf|iz 2= ¥ || « +||%| Q|

One method used by scientists to detarmine relation is the study of skeletal sfructure,
or fossl remains. Related animals will often share many similar body structures, and
usually have similar shape. Another method used is the direct companscn of DA
samples. The DNA of related species is often very similar, such as that of a human and
a chimpanzee,

Notes on Scoring

This response earns full credit (2 points) because it
correctly identifies two methods that scientists can

use to determine the relatedness of two species:

“...to determine relation is the study of skeletal structure,
or fossil remains...Another method used is the direct
comparison of DNA samples.”
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Sample Response: 2 points

Scienfists study the evolutionary relationships of species to better understand the
history of life on Earth.

Describe two methods that scientists can use to determine whether two species
[(modem or extinct) are closely related,

Type your answer in the space provided.

B I U L= 2= & | X « +|%( 0

Two methods scientists could use to determine if two species [modern or extinct) are
closely related would be: examining bone structure and genetic makeup. By
examing bone structure from fossils of an animal personally you could determine if
the skeletal build of the two are similar. When lecking at genetics you could
determine how close the two genefic make-ups are ulfimately telling you how
closely related they are.

Notes on Scoring

This response earns full credit (2 points) by identifying
two methods for determining the relatedness of

two species: “Two methods scientists could use to
determine if two species (modern or extinct) are
closely related would be: examining bone structure
and genetic makeup.”
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Sample Response: 2 points

Scientists study the evolutionary relationships of species to better understand the
history of life on Earth.

Describe two methods that scientists con use to determine whether two species
[modern or extinct) are closely related.

Type your answer in the space provided.

B I U L||i= = = || « |

wac
i

Q|

To decide whether two species are closely related, scientists can look at the
skeletons of the species and at the species’ DNA if available. Similar species have
similar bone structure. Changes in bone siructure over fime can also be seen by the
skeleton. For example, the tail cone on a human links us to monkeys. DA can also
be usedif it can be found in the bones or something of extinct animals. Comparnng
strands of DNA can reveal the differences between species, but also illustrated the
similarities if a large part of the DNA strands match.

Notes on Scoring

This response earns full credit (2 points) by identifying
two methods for determining the relatedness of

two species: “...scientists can look at the skeletons
of the species and at the species’ DNA if available.”
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Sample Response: 1 point

Scientists study the evelutionary relationships of species fo better understand the
history of life on Earth.

Describe two methods that scientists can use to determine whether two species
[modern or extinct) are closely related.

Type your answer in the space provided.

|B I U L||i= &= = #| « »| % 0

2 methods to determine whether 2 5&9-::]95 are related is béusin a dichotemy to
split species up by charactenstics, ALSO YOU COULD USE FOSSILS TO DETERMINE
SIMILARITIES BETWEEMN THE 2 SPECIES.

Notes on Scoring

This response earns partial credit (1 point) for identifying
one method to determine the relatedness of two
species *...YOU COULD USE FOSSILS TO DETERMINE
SIMILARITIES BETWEEN THE 2 SPECIES.” The first part of the
response (“...by using a dichotemy to split species up
by characteristics.”) does not provide the criteria that
the cladogram would be based upon and therefore
receives no credit.
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Sample Response: 1 point

Scientists study the evelutionary relationships of species fo better understand the
history of life on Earth.

Describe two methods that scientists can use to determine whether two species
[madern or extinct) are closely related.

Type your answer in the space provided.

|B I U L= i = % « )% Q)

Scientists can tell if species are closely related by studying their bone structures and
by studying hunting, breeding. & communicating techniques used by the species

Notes on Scoring

This response earns partial credit (1 point) by identifying
one method for determining the relatedness of

two species: “...by studying their bone structures... .”
The study of behaviors, hunting, breeding and
communicating is not used to determine evolutionary
relationships between species.
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Sample Response: 1 point

Scientists study the evolutionary relationships of species to better understand the
history of life on Earth.

Describe two methods that scientists can use to determine whether two species
[modern or extinct) are closely related.

Type your answer in the space provided.

B I U Ll 3= #[[X D @ - ||E|§|

Cne method a scienfist could use to determine how fwo species are related is they
could leck at extinct animals beone structure., If the bone structure is similar then the
species were related. Anotehr method they could use is by looking at the teeth.
Since what an animal eats determines how its teeth are shaped, then if the teeth are
similar then they eat similar things and are related in that way. These are two
methods scientists could use fo determine whether two species are closely related.

Notes on Scoring

This response earns partial credit (1 point) by identifying
one method for determining the relatedness of two
species—bone structure. The remainder of the response
provides additional information to support how bone
structure is used.
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Sample Response: 0 points

Scientists study the evolutionary relationships of species to better understand the
history of life on Earth.

Describe two methods that scientists can use to determine whether two species
(modern or extinct) are closely related.

Type your answer in the space provided.

(B 1 U L= = = #|[xb @« ~|%]Qq

by Iook'l_ng af their ainsesfers 1o see if they came frmo the same ones or they can
cemgair by their scecies name

Notes on Scoring

This response earns no credit (0 points) because
methods for determining the relatedness of two species
are not provided. The response “by looking at their
ainsestors to see if they came frmo the same ones...”

is too vague to award credit.
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Sample Response: 0 points

Scientists study the evolutionary relationships of species to better understand the
history of life on Earth.

Describe two methods that scientists can use to determine whether two species
[modern or extinct) are closely related.

Type your answer in the space provided.

B I W L ||l 3= (XD Ew~|%Q

TuToTrraejhods that scientists can use fo determine whether two species are closely
related is:

1. Pick 2 different animals to evarulte and look closely at their encioronments and
how they shelter themselves.

2. Again, pick 2 different animals fo evaluate and lock closely at their eating habits
and cther habits.

In conclusion, those are two methods scienfists can use to determine whether two
species are closely related or not.

Notes on Scoring

This response earns no credit (0 points) because
methods for determining the relatedness of two species
are not provided. Looking at the environment and
eating habits are not used to determine evolutionary
relationships between species.
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Question 5

@
A species of butterfly, Hellconius U
c:ygno alithea, has both white A. Genolype(s)

and yellow individuals. Its white
allele is dominant and its yellow
allele is recessive. The graph

shows the genotype frequency
for a generation of the butterfly.

Genotype Frequency w]
GGT ] aa
% 50

B. Model of Genotype Frequencies

240
¢ 30
g 20

0

A A Aga 8 ]8]
Genotypes

If o 1_I::;-r:-}cic:”n::rr infroduced to the
butterfly habitat prefers the
yellow frait, predict the
genotype frequencies that will

occur in the third generation.

A. FPlace the genotype(s) that
will horve higher rates of
predation in the blank box.

B. Ploce ten butterflies in their
habitat to create an
approximate model of the
genohype frequency in the
new generation, assuming all
genotypes are represented.

* There may be meore than one
corect answer,

® fou may use each butterfly
more than once.

Points Possible: 2

See Alignment for more detail.
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Scoring Guidelines
For this item, a full-credit response includes
e ONLY “aa” in Part A (1 point)
AND
* Three or more “AA" butterflies
AND
e Afleast one "Aa” butterfly
AND
* One “aa” butterfly
AND

* Ten total butterflies in Part B (1 point).

Alignment

Topic
Evolution

Subtopic
Diversity of Life

Content Elaboration

At the high school level, the term natural selection is used to describe the process

by which fraits become more or less common in a populatfion due to consistent
environmental effects upon the survival or reproduction of the individual with the trait.

Heritable characteristics influence how likely an organism is to survive and reproduce
in a particular environment. When an environment changes, the survival value of
inherited characteristics may change. This may or may not cause a change in species
that inhabit the environment.
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Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific terminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Item

This item requires the student to create a model of allele frequencies in a butterfly
population after the introduction of a predator. If the predator selects yellow
butterflies, it removes the recessive alleles “aa” out of the population. Genotype “aa”
has a higher rate of predation. The third generation model should have ten butterflies
with only one genotype “aq,” at least one “Aa” and a high number of “AA.”

54



Biology
Practice Test

Question 5

Sample Responses

55



Sample Response: 2 points

0 CIID

A species of butterfly, Heliconius
cydno alithea, has both white
and yellow individuals. Its white
allele is dominant and its yellow
allele is recessive. The graph

A. Genotype(s)

aa

shows the genotype frequency
for a generation of the butterfly.

B. Model of Genotype Frequencies

e )

Genolype Frequency
i Qaa

s

Frequency (%)
c5B8888

AA Aa aa
Genolypes

If o predator infroduced to the

butrerfly habitat prefers the
yellow trait, predict the
genotype frequencies that will
occur in the third generation.

A. Place the genotype(s] that
will hawve higher rates of
predation in the blank box.

B. Place ten butterflies in their
habitat to create an
approximate model of the
genotype frequency in the
new generation, assuming all
genotypes are represented.

s There may be more than one
corect answer,

* You may use each butterfhy
more than once.

Notes on Scoring

This response earns full credit (2 points). It correctly
identifies the genotype that will have the higher rate
of predation (“aa”) and builds an accurate third
generation model of genotypes, which should have
ten butterflies with only one genotype “aa”(1), at least
one “Aa”(5) and a high number of “AA"(4).
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Sample Response: 2 points

®
A species of butterfly, Heliconius
c:ygno alithea, has both white A. Genolype(s)

and yellow individuals. Its whife
dllele is dominant and its yellow
allele is recessive. The graph
shows the genotype frequenc

aa

for a generation of the butterfly. B. Model of Genotype Frequencies

Genolype Frequency

6%

Frequency (%)
c 5885883

AR AQ aa
Genolypes

If a predator intfroduced to the

butterfly habitat prefers the
yvellow trait, predict the
genotype frequencies that will
occurin the third generation.

A. Flace the genotype(s) that
will have higher rates of
predation in the blank box.

B. Place ten butterflies in their
habitat to create an
approximate model of the
genotype frequency in the
new generation, assuming all
genotypes are reprasented.

* There may be more than one
correct answer.

* You may use each butterfly
more than once.

Notes on Scoring

This response earns full credit (2 points). It correctly
identifies the genotype that will have the higher rate
of predation (“aa”) and builds an accurate third
generation model of genotypes, which should have
ten butterflies with only one genotype “aa”(1), at least
one “Aa"(4) and a high number of “"AA"(5).
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Sample Response: 1 point

®
A species of butterfly, Heliconius
cydne alithea, has both white A. Genolype(s)

and yellow individuals. Its white
allele is dominant and its yellow
cllele is recessive. The graph

AR

shows the genofype frequency
for a generation of the butterfly.

B. Model of Genotype Frequencies
Genotype Frequency

222

Frequency (%)
c58BeER

AL Ag aa
Genolypes

It o predator infroduced to the

butterfly habitat prefers the
yellow trait, predict the
genotype frequencies that will
occur in the third generation.

A. Place the genotype(s) that
will have higher rates of
predation in the blank box.

B. Place ten butterflies in their
habitat to create an
approximate model of the
genotype frequency in the
new generation, assuming all
genotypes are represented.

& There may be more than one
correct answer.

* fou may use each butterfly
more than once.

Notes on Scoring

This response earns partial credit (1 point). It incorrectly
identifies the genotype that will have the higher rate
of predation (“AA"). It should be “aa.” This response
earns credit for building an accurate third generation
model of genotypes, which should have ten butterflies
with only one genotype “aa’”(1), at least one “Aa”(4)
and a high number of "AA"(5).
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Sample Response: 1 point

@
A species of butterfly, Hellconius
cydno alithea, has both white A. Genolype(s)

and yellow individuals. s white
dllele is dominant and its yellow

allele is recessive. The graph a6

shows the genotype frequency
for a generation of the butterfly.

Genolype Frequency

T

B. Model of Genolype Frequencies

%%

Frequency (%)
38588

o O
T

AR Aa aa
Genotypes

If a predator introduced to the

butterfly habitat prefers the
yvellow trait, predict the
genotype frequencies that will
occurin the third generation.

A. Place the genotype(s) that
will have higher rates of
predation in the blank box.

B. Place ten butterflies in their
habitat to create an
approximate model of the
genotype frequency in the
new generation, assuming all
genotypes are reprasented.

* There may be more than one
corect answer,

* fou may use each butterfly
more than once.

Notes on Scoring

This response earns partial credit (1 point). It correctly
identifies the genotype that will have the higher rate
of predation (Yaa”). The response builds an inaccurate
third generation model of genotypes, which should
have ten butterflies with only one genotype “aa”(4),
at least one “Aa”(4) and a high number of “AA"(2).
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Sample Response: 1 point

®
A species of butterfly, Heliconius
cydno alithea, has both white A. Genolype(s)
and yellow individuals. lts white
allele is dominant and its yellow
allele is recessive. The graph aa

shows the genotype frequency

for a generation of the butterfly. B. Model of Genotype Frequencies

Genotype Frequency

-

& 5%

Frequency (%)
o 88888

If a predator intfroduced to the

butterfly habitat prefers the
yellow trait, predict the
genoctype frequencies that will
occur in the third generation.

A. Place the genotype(s) that
will have higher rates of
predation in the blank box.

B. Place ten butterflies in their
habkitat to create an
approximate model of the
genotype frequency in the
new generation. assuming all
genotypes are represented.

® There may be more than one
correct answer.

s You may use each butterfly
more than once.

Notes on Scoring

This response earns partial credit (1 point). It correctly
identifies the genotype that will have the higher rate
of predation (“aa”). The response builds an inaccurate
third generation model of genotypes, which should
have ten butterflies with only one genotype, “aa”(2),
at least one “Aa”(1) and a high number of “AA"(7).
Having two “aa” keeps the population at 20%, which is
in the data that was given for the starting population.
If heavy predation occurs, that frequency is expected
to drop.
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Sample Response: 0 points

®
A species of butterfly, Heliconius

cydne alithea, has both white A. Genolype(s)

and yellow individuals. Its white

allele is dominant and its yellow

cllele is recessive. The graph AA

shows the genotype frequency

for a generation of the butterfly.

B. Model of Genolype Frequencies
Genotype Frequency

$:6:%

Frequency (%)

c5B8588

If a predator introduced to the
butterfly habitat prefers the

yellow trait, predict the
genotype frequencies that will
occur in the third generation.

A. Place the genotype(s) that
will have higher rates of
predation in the blank box.

B. Place ten butterflies in their
habitat to create an
approximate model of the
genotype frequency in the
new generation, assuming all
genotypes are represented.

® There may be more than one
comect answer.

* You may use each butterfly
more than once.

Notes on Scoring

This response earns no credit (0 points). It incorrectly
identifies the genotype that will have the higher rate
of predation (“AA”). The response builds an inaccurate
third generation model of genotypes, which should
have ten butterflies with only one genotype, “aa”(2),
at least one “Aa"(1) and a high number of “AA"(6).
Having two “aa” keeps the population at 20%, which is
in the data that was given for the starting population.
If heavy predation occurs, that frequency is expected
to drop.
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Sample Response: 0 points

®
A species of butterfly, Heliconius
cyg‘no alithea, has both white A. Genolype(s)

and yellow individuals. Its white
allele is dominant and its yellow
allele is recessive. The graph
shows the genotype frequency

bod

for a generation of the butterfly. B. Model of Genolype Frequencies

Genotype Frequency

£ 6%

Frequency (%)
ocBB58S

If o predator infroduced to the

butterfly habitat prefers the
yellow trait, predict the
genotype frequencies that will
occur in the third generation.

A, Place the genotype(s) that
will have higher rates of
predation in the blank box.

B. Place ten bufterflies in their
habitat to create an
approximate model of the
genotype frequency in the
new generation, assuming all
genotypes are represented.

& There may be more than one
correct answer.

= You may use each butterfly
more than once.

Notes on Scoring

This response earns no credit (0 points). It incorrectly
identifies the genotype that will have the higher rate
of predation (*Aa”). The response builds an inaccurate
third generation model of genotypes, which should
have ten butterflies with only one genotype, “aa”(é),
at least one “Aa"(1) and a high number of “AA"(3).
Having six individuals with “aa” increases their number
in the population, which is opposite of what is
expected if heavy predation occurs.
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Question 6

The graph shows how a Serengeti buffalo population changed ower a period of yvears. During this time pericd. the buffalo
were rl?f!iectte% by the rinderpest virus, a debilitaling disease with a high mortality rate. Howewver within five years, the virus
wWas eliminaled.

Population Growth of Serengeti Buffalo

7'l:l,l:ll!l|:lJ

40,000

50,000

Number

40,000

30,000

20,0005 2 4 & 8 1 12 14 16 18 20
Time (years)

wWhat was the ecosystem’s carrying capacity for buffalo, based on the graph, once rinderpest was eliminated?

A 35,000 buffale

55,000 buffalo

A o®

40,000 buffalo

Gll

&£5,000 buffalo

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

Rationale for Option A: This is incorrect. The buffalo population exceeds 30,000
individuals over time. It levels off at about 60,000, which indicates the carrying
capacity.

Rationale for Option B: This is incorrect. The buffalo population exceeds 55,000
individuals over time. It levels off at about 60,000, which indicates the carrying
capacity.

Rationale for Option C: Key — The buffalo population grows to slightly exceed
60,000 individuals and then falls again as it stabilizes around its carrying capacity.

Rationale for Option D: This is incorrect. The buffalo population reaches 65,000
individuals but immediately declines fowards 60,000 individuals.
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Alignment

Topic
Diversity and Interdependence of Life

Subtopic

Ecosystems

Content Elaboration

Some ecosystems can be reasonably persistent over hundreds or thousands of years.
Like many complex systems, ecosystems tend to have cyclic fluctuations around a
state of rough equilibrium. In the long run, however, ecosystems always change as
geological or biological conditions vary. Misconceptions about population growth
capacity, interspecies and intra-species competition for resources, and what occurs
when a species immigrates to or emigrates from ecosystems are included in this topic.

Carrying capacity is defined as the population equilibrium sized when births and
deaths are equal; hence population growth rate = zero.

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific terminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Item

This item requires students to analyze a population growth data for Serengeti buffalo
to determine how the population was impacted when a rinderpest virus was
introduced and exited from this population. From this graph, students are asked to
determine the buffalo’s carrying capacity when the virus was eliminated.
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Sample Response: 1 point

The graph shows how a Serengeti buffalo population changed owver a period of years. During this time period. the buffalo
Were cr:ff19c1‘ed by the rinderpest virus, a debilitating disease with a high mortality rate. Howewver. within five yeaars, the virus
wwas eliminaled.

Population Growth of Serengeti Buffalo

50,000

Number

40,000

(] 2 4 & 8 10 12 14 16 18 20
Time (years)

What was the ecosystem's carrying capacity for buffalo, based on the graph. once rinderpest was eliminated?
fa 35,000 butfalo
| 55,000 buffalo
® 40.000 buffalo
@  &5,000 buffale
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Question 7

[Of Oeiete |

The table compares structures
found in several groups of

Structures of Photosynthetic Organisms

[
hot theti i Th E
photosynthetic organisms. The
presence of a structure is Ii m Moss | Fern | Conifer | Monocot | Dicot
symbolized by a [+] symbol, while " T n n T m
the absence of a structure Is E
symbalized by a -] symbol. |i - + + + * +
- - - = + +
Using the data in the table, - - - + +
determine where on the
cladogram some of the structures - - + + + +
evolved.
Plant Cladogram

Place astructure number label into Green algoe

each blank box.

Mosses

* Place only one number label into
each blank box.

« ou do not need to use all the
numiber labels.

Ferns
Conifers
Monocots

Dicofts

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines
For this item, a full-credit response includes:

* Labels placed from Left to Right: “2,” “5,” “4,” “3" (1 point).
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Alignment

Topic
Diversity and Interdependence of Life

Subtopic

Classification systems are frameworks created by scientists for describing the vast
diversity of organisms, indicating the degree of relatedness between organismes.

Content Elaboration

Classification systems are frameworks developed by scientists for describing the
diversity of organisms, indicating the degree of relatedness between organismes.
Recent molecular-sequence data generally support earlier hypotheses regarding
lineages of organisms based upon morphological comparisons. Both morphological
comparisons and molecular evidence must be used to describe biodiversity
(cladograms can be used to address this).

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific ferminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the ltem

This item requires the students to complete a cladogram based on anatomic
comparisons among organisms. Given a table of structures found in photosynthetic
organisms, students determine when the structure evolved based on the presence
or absence of a structure. The sequence of the Plant Cladogram diagram should be
2,5, 4, 3. The cuticle appeared in a group of organisms after green algae. Vascular
tissue appeared in a group of organisms after mosses. Seeds appeared in a group of
organisms after ferns, and flowers appeared in a group of organisms after conifers.

69






Biology
Practice Test

Question 7

Sample Responses

71



Sample Response: 1 point

¢ CEN—D

The table compares struciures

found in several groups of Structures of Photosynthetic Organisms

[
hot theti anisms. The E Green

photasynthetic organisms.
Dreséfr:cedolfj a STiufiurei:Esl " |i Algae Moss | Fern | Conifer | Monocol | Dicot
symbolized by a [+] symbol, while
the absence of a structure is E W’h * : : : : :
symbolized by a [-) symbol. E R o -

m - - - - + +
Using the datain the table. 4. S5eeds - - E + + +
determine where on the 5. Vascular
cladogram some of the structures Tissue - - ¥ + + +

evolved.

Plant Cladogram

Place a structure number label into

Green algae
each blank box.

Mosses

* Place only one number lobel into
each blank box.

* You do not need fo use all the
number labels,

Ferns
Conifers
Monocots
Dicots

Notes on Scoring

This response earns full credit (1 point) because it
indicates the correct sequence of numbers (2, 5, 4, 3),
indicating where on the cladogram some of the
structures evolved. The cuticle appeared in a group of
organisms after green algae. Vascular tissue appeared
in a group of organisms after mosses. Seeds appeared
in a group of organisms after ferns, and flowers
appeared in a group of organisms after conifers.
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Sample Response: 0 points

0 CIu—D

The table compares structures

[]
2

photasynihetic organisms. The D
presence of a structure is ’i| m Moss | Fern | Conifer | Monocot | Dicot
symbolized by a (+] symbol, while
ff):r:obs ence of astructure is E 1. Chloroplasts| + * + L ¥ +
symibolized by a [-) symbol. 2. Cuticle + + + + *

IE 3. Flowers - - - - + +
élsi?g TI‘]&e dat P? in the :ﬁble, 4. Seeds - - - + + +

etermine where on the
cladogram some of the structures R - - + * + +
evolved. Plant Clad
a adogram

Place a structure number label into

Green algae
each blank box.

Maosses

* Place only one number label into
edch blank box.

* You do not need to use all the
number labels.

Ferns
Conifers
Monocots
Dicots

Notes on Scoring

This response earns no credit (0 points) because of the
incorrect sequence of numbers (2, 4, 5, 3). The correct
response sequence indicating where on the
cladogram some of the structures evolved should have
been 2, 5, 4, 3.
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Sample Response: 0 points

The tabl truct II ®
2 1aDle CoOmpares siruciures " s
found in severg, groups of E Structures of Photosynthetic Organisms
photosynthetic organisms. The Green
presence of a structure is E Algae | Moss| Fern | Conifer | Monocot| Dicot
symbolized by a (+] symbal, while " T T T n T
the absence of a structure is E
symbolized by a [-) symbol. E - ¥ + + * +

- - - - + L 2
Using the data in the table, - - - + +
determine where on the
cladogram some of the structures - - + + + +
evolhved.

Plant Cladogram
Place a struciture numicer label into Green algae
each blank box. Mosses
* Place only one number label info Farms
each blank box.
» You do not need to use all the Conifers
number labels.
Monocots
Dicots

Notes on Scoring

This response earns no credit (0 points) because of the
incorrect sequence of numbers (1, 3, 4, 2). The correct
response sequence indicating where on the
cladogram some of the structures evolved should have
been 2, 5, 4, 3.
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Question 8

Students conduct an experiment
to test whether or not the trait for
pollen shape and the trait for
flower color are next to each
other on the same chromosome in
pea plants. They cross two plants
that are known to be
heterozygous for both traits to
produce offspring.

Long pollen shape (L} is dominant
over round pollen shape {I?. Purple
flower color (P) is dominant owver
red flower color [p).

Click on the value of each
phenotype frequency on the
graph that would be expected if
the traits are linked and the
dominant traits are next to each
other on the same chromosome
for both plants.

Phenolype Frequency ()

8

|
w

8

(%]
[

Graph of Expected Phenotype Frequencies

Purple Flowers, Purple Flowers, Red Flowers,
Long Pollen

Red Flowers,

Round Pollen  Long Pollen  Round Pollen

Phenotypes

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

For this item, a full-credit response includes:

e "75" selected for Purple Flowers, Long Pollen;

AND

* Nothing or “0" selected for Purple Flowers, Round Pollen;

AND

* Nothing or “0" selected for Red Flowers, Long Pollen;

AND

o "25" selected for Red Flowers, Round Pollen (1 point).
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Alignment

Topic
Heredity

Subtopic

Genetic Mechanisms and Inheritance

Content Elaboration

In high school, genetic mechanisms (both classical and modern), including incomplete
dominance, sex-linked traits, goodness of fit test (Chi-square) and dihybrid crosses, are
investigated through real-world examples. Dihybrid crosses can be used to explore
linkage groups.

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific ferminology, fechnological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Item

This item requires the student to determine the outcome of a dihybrid cross when the
traits may be linked. If two traits are linked on the same homologous chromosome,
when crossing over occurs during meiosis, the alleles do not segregate. In this case,
the two dominant traits are linked on one chromosome, and the two recessive alleles
are linked on the other. The outcome of the cross is expected to be 75% purple
flowers and long pollen and 25% red flowers and round pollen. If the alleles were not
linked we would expect a 9:3:3:1 ratio.
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Sample Response: 1 point

Students conduct an experment
to test whether or not the trait for

ollen shape and the trait for Graph of Expected Phenotype Frequencles
lower color are next to each
other on the same chromosome in 100
pea plants. They cross two plants
that are known to be
heterozygous for both traits to
produce offspring.

75

Long pollen shape (L) is dominant
over round polen shape (l]. Purple
flower color [P) is dominant owver

red flower color (). 25
Click on the value of each l
phenotype frequency on the 0

raph that would be expected if Purple Flowers, Purple Flowers, Red Flowers, Red Flowers,
ﬁ.le traits are linked and the Long Pollen  Round Pollen Long Pollen  Round Pollen
dominant fraits are next to each Phenotypes
other on the same chromosome
for both plants.

Phenctype Frequency (%)

Notes on Scoring

This response earns full credit (1 point) because it
correctly indicates the value of each phenotype
frequency on the graph: *75" for Purple Flowers, Long
Pollen and “25" for Red Flowers, Round Pollen. The
response also indicates “0” for Purple Flowers, Round
Pollen and “0"” for Red Flowers, Long Pollen.
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Sample Response: 0 points

Students conduct an experiment
to test whether or not the trait for

ollen shape and the trait tor Graph of Expected Phenotype Frequencies
lower color are next to each
other on the same chromosome in
pea plants. They cross two plants
that are known to be
heterozygous for both traits to
produce offspring.

75

Long pollen shape (L) is dominant
over round pollen shape (l). Purple
flower color (P) is dominant over

red flower color (p). 25
phenotype frequency on the
Purple Aowers, Purple Flowers, Red Flowers, Red Flowers,

?ﬁgﬁrﬂmﬂ{:gﬁﬂgg %ﬁé%ﬁgmd i Long Pollen  Round Pollen  Long Pollen  Round Pollen

dominant traits are next to each Phenotypes
other on the same chromosome
for both plants.

Phenotype Frequency (%)
=}

[=]

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly indicates the value of each phenotype
frequency on the graph: “25" for Purple Flowers, Long
Pollen; “25" for Purple Flowers, Round Pollen; “25" for
Red Flowers, Long Pollen; and “25" for Red Flowers,
Round Pollen. The correct value of each phenotype
frequency on the graph is “75" for Purple Flowers, Long
Pollen; 25" for Red Flowers, Round Pollen; 0" for Purple
Flowers, Round Pollen; and *0" for Red Flowers, Long
Pollen.
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Sample Response: 0 points

Students conduct an experiment
to test whether or not the trait for

flower color are next to each
other on the same chromosome in
pea plants. They cross two plants
that are known to be
heterozygous for both traits to
produce offspring.

Long pollen shape (L) is dominant
over round pollen shape (l). Purple
flower color (P) is dominant over
red flower color (p).

Click on the value of each

g ¥ 8

=]
o

Phenotype Frequency (%)

pollen shape and the trait for Graph of Expected Phenolype Frequencies

phenotype frequency on the 0
rcph that would be expe-::'ied if Purple Flowers, Purple Flowers, Red Flowers,
he traits are linked and the Long Pollen  Round Palen  Long Pollen
dominant traits are next to each Phenotypes
other on the same chromosome
for both plants.

Red Flowers,
Round Follen

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly indicates the value of each phenotype
frequency on the graph. The correct value of each
phenotype frequency on the graph is “75"” for Purple
Flowers, Long Pollen; “25" for Red Flowers, Round
Pollen; “0" for Purple Flowers, Round Pollen; and “0" for
Red Flowers, Long Pollen.
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Question 9

A scientist isolates a number of non-photosynthetic prokaryotes.

Which structure would be found in these cells¢

@ cellwalls
@® chloroplast
(¢ golgi

@ nucleus

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

Rationale for Option A: Key — Bacteria cells contain cell walls.

Rationale for Option B: This is incorrect. Only photosynthetic eukaryotes contain
chloroplasts.

Rationale for Option C: This is incorrect. Only photosynthetic eukaryotes contain
chloroplasts.

Rationale for Option D: This is incorrect. Only eukaryotes contain nuclei.
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Alignment

Topic
Cells

Subtopic

Cell Structure and Function

Content Elaboration

The cellis a system that conducts a variety of functions associated with life. Details of
cellular processes such as photosynthesis, chemosynthesis, cellular respiration, cell
division and differentiation are studied at this grade level.

Every cell is covered by a membrane that controls what can enter and leave the cell.
In all but quite primitive cells, a complex network of proteins provides organization
and shape. Within the cell are specialized parts for the transport of materials, energy
transformation, protein building, waste disposal, information feedback and
movement. In addition to these basic cellular functions, most cells in multicellular
organisms perform some specific functions that others do not.

Cognitive Demand
Recalling Accurate Science (R)

Requires students to provide accurate statements about scientifically valid facts,
concepts and relationships. Recall only requires students to provide a rote response,
declarative knowledge or perform routine mathematical tasks. This cognitive demand
refers to students’ knowledge of science fact, information, concepts, tools,
procedures (being able to describe how) and basic principles.

Explanation of the Item

This item requires the student to know the structural features of prokaryotic cells.
Prokaryotic cells have cell walls. Chloroplasts are only found in photosynthetic cells.
Golgi and nuclei are found in eukaryotic cells.
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Sample Response: 1 point

A scientist isolates a number of non-photosynthetic prokaryotes.

Which structure would be found in these cellse

® cellwals

©

chloroplast

golgi

nucleus

©
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Question 10

Oxygen depletion, also known as
hypoxa, is one result of runoff from
over-fertilized lowns or formiand., Ecosystem Impact from Runoff
After heawy rains, nutrientrich
water enters the local aquatic pm——

environment, causing a series of ' +  Decomposers increase oxygen consumption.
events o ocour withinthe | seaas

ecosystemn.

5 ; db Algae consume the available nulrients and
ome evients Cause )i - - 1 1
nutrient-rich runoff enteringalake | #===e then begin fo die oft.

ecosystern are shown.

Decomposers break down algae and increase

Move the sequence labels into the ' o
----- in number.

blonk boxes to sequence the
comect order of thase events,

An algal bloom occurs,

Sequence Labels

[1] [2] [a] [4]

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines
For this item, a full-credit response includes:
e “4" placed next to “Decomposers increase oxygen consumption”;
AND

e “2" placed next to “Algae consume the available nutrients and the begin to
die off”;

AND
» “3" placed next to “Decomposers break down algae and increase in number”;
AND

* “1" placed next to “An algal bloom 8gcurs (1 point).”



Alignment

Topic
Diversity and Interdependence of Life

Subtopic

Ecosystems

Content Elaboration

Organisms transform energy (flow of energy) and matter (cycles of matter) as they
survive and reproduce. The cycling of matter and flow of energy occurs at all levels of
biological organization, from molecules to ecosystems. At the high school level, the
concept of energy flow as unidirectional in ecosystems is explored.

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific ferminology, fechnological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Item

This item requires the student to analyze an ecological scenario and determine the
responses of several classes of organisms. In this scenario, an algal bloom occurs
and consumes the available nutrients. The algae begin to die off, and the
decomposers break down algae and increase in number, which causes them to
consume more oxygen.
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Sample Response: 1 point

Oxygen deplefion, also known as
hypoxa, is one result of runcff from

over-ferfilized lowns or farmland, Ecosystem Impact from Runoff

After heawy rains, nutrient-rich

water enters the local aguatic rm=ss

environment, causing a series of Iz\ Decomposers increase oxygen consumgtion,

events to occur within the i
ecosystem.

s " dby ry Algae consume the available nuirients and
ome events cause ! ; . ’
nufrient-rich runoff enteringalake | =577 then Degn fo cie off.

ecosystemn are shown.

Decomposers break down algae and increase

Move the sequence labels into the i
----- in number.

blank boxeas fo sequence the
comect order of these events.

II’ An algal bloom occurs.

Sequence Labels

Notes on Scoring

This response earns full credit (1 point) because it shows
the correct sequence from top to bottom as 4, 2, 3, 1.
First, an algal bloom occurs. Second, algae consume
the available nutrients and then begin to die off. The
third event is decomposers break down algae and
increase in number. Finally, decomposers increase
oxygen consumption.
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Sample Response: 0 points

Oxygen deplefion, also known as
hypoxia. is one result of runoff from

over-fertilized lawns or farmland, Ecosystem Impact from Runoff

After heavy rains, nutrient-rich

water enters the local agquatic e

environment. cousing a seres of :EI: Decomposers inCrease oxygen consumption,

events to occur withinthe | ===
ecosystem.

' +  Algoe consume the available nutrients and
Some events caused by E‘ then begin to die off.

nutientsich runoff entering alake | =7=-
ecowystem are thown,. |

Move the sequence labels info the :: Decomposers break down algoe aond increose

blank boxes o sequencethe | T in number.
comact order of these events,

’E‘: An algal bloom occurs.

Sequence Labels

Notes on Scoring

This response earns no credit (0 points) because it
shows an incorrect sequence (1, 2, 3, 4) for these
events caused by nutrient-rich runoff.
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Sample Response: 0 points

Crygen depletion, also known as
hypoxia, is one result of runoff from
over-fertilized lawns or farmland, Ecosystem Impact from Runoff
After heawvy rains, nutient-rich
water enfers the local aquatic —

environment, causing a series of :E: Decomposers increqse oxygen consumgtion.
events to occur withinthe | ===

ecosystem.

E Algae consume the available nutrients and

Some events caused by then begin to die off.

nutient-rich runcff enteringalake | 777
ecosystern are shown,

Move the sequence labels into the E _I:Jecomp-osers break down algae and increase
blank boxes to sequencethe | T in number.
comect order of these eveants,

II An algal bloom occurs.

Sequence Labels

Notes on Scoring

This response earns no credit (0 points) because it
shows an incorrect sequence (4, 3, 2, 1) that is not the
order for these events caused by nutrient-rich runoff.
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Question 11

The following guestion has two parts. First, answer part A Then, answer part B.

Part A

Students in a biclogy class conduct an experiment to determine the effect of temperature on the rate of
photosynthesis in a plant. They place an flodea plant into a test tube filled with water. Then, the students place the test
tube under a light and slowly increase the temperature of the water. They record their results and display them on a
graph as shown.

Photosynthesis vs. Temperature Experiment
M

Rate of Photosynthesis

.

0 25
Temperature (°C)

Which statement is supported by the data in the graph?

@ The rate of axygen preduction is lowest in section M.

@ The rate of oxygen production is greatest in section M.

€ The proeduction of water molecules is greatest in section L.

o The number of carbon dioxide molecules in the beaker is greatest in section K.
Part B

Which statement explains the effect of temperature on the rate of photosynthesis2
.  Oxygen molecules break down at temperatures above 25°C

The rate of photosynthesis is unoffected by the temperature of the water.

&)

The number of chloroplasts in the cell decreases as temperature increases.

Enzvmes involved with plant photesynthesis are disrupted ot temperatures above 25°C

Points Possible: 1

See Alignment for more detail.
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Scoring Guidelines
Part A

Rationale for Option A: This is incorrect. The rate of photosynthesis peaks at 25°C.

Rationale for Option B: Key — As photosynthesis continues, more oxygen is
produced.

Rationale for Option C: This is incorrect. Water is a reactant for photosynthesis and
not a product.

Rationale for Option D: This is incorrect. The greatest number of carbon dioxide
molecules is found at the beginning of the reaction.

Part B

Rationale for Option A: This is incorrect. Oxygen is a stable product of
photosynthesis and is not affected by the temperature of the water.

Rationale for Option B: This is incorrect. The rate of photosynthesis decreases at
temperatures above 25°C.

Rationale for Option C: This is incorrect. A decrease in the number of chloroplasts
would result in a decrease in the rate of photosynthesis.

Rationale for Option D: Key — Above the optimal temperature (25°C), enzyme
activity is reduced and the enzymes may cease to function, prohibiting
photosynthesis.

Alignment

Topic
Cells

Subtopic
Cellular Processes

Content Elaboration

Cell functions are regulated. Complex interactions among the different kinds of
molecules in the cell cause distinct cycles of activities, such as growth and division.
Most cells function within a narrow range of temperature and pH. At very low
temperatures, reaction rates are slow. High temperatures and/or extremes of pH can
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ireversibly change the structure of most protein molecules. Even small changes in pH
can alter how molecules interact.

Cognitive bemand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific terminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Item

This item requires the student to apply their understanding of how cellular
environments affect the shape and function of enzymes in order to explain the effect
of temperature on the rate of photosynthesis. An Elodea plant is placed in a test tube
filled with water and exposed to light, which increases the temperature of water and
the rate of photosynthesis. The graph is sectioned into four parts, and the students are
asked to select a statement that is supported by the graph. Then, they are asked to
explain the effect of temperature on the rate of photosynthesis.

98



Biology
Practice Test

Question 11

Sample Responses

99



Sample Response: 1 point

The following question has two parts. First, answer part A Then, answer part B

Part A

Studentsin o biclogy closs conduct an experiment to determine the effect of tempergture on the rate of
photosyrthesis in a plant. They place an Sodsaplant into a test tube filled with water. Then, the students place the tast
tube under a light and slowly increase the temperature of the woter. They record their results ond display themen a
graph as shown.

Photosynthesis vs. Temperature Experiment

Rate of Photosynihesis

:
:
:
v

0 25
Temperature (°C)

Which statement is supported by the data in the graph?
@ The rate of oxygen production is lowest in section M.
@ The rote of oxygen production is greatest in section M.
e The preduction of water molecules is greatest in section L.
@ The number of corbon dioxide molecules in the beaker is greatest in section K.
Parl B
Which stotement explains the effect of temperature on the rate of photosynthesis?

=

Crygen molecules break down at temperatures above 25°C

)}

The rate of photosynthesis is unaffected by the temperature of the water.

)

The number of chloroplasts in the cell decreases as temperature increases.

Enzymes involved with plant photosynthesis are disrupted at temperatures above 25°C

Notes on Scoring

This response earns full credit (1 point) because it
correctly selects “Option B” for Part A and “Option D”
for Part B. “Option B, The rate of oxygen production is
greatest in section M" is the correct choice for Part A
because as photosynthesis continues, more oxygen is
produced. “Option D, Enzymes involved with plant
photosynthesis are disrupted at temperatures above
25°C" is the correct choice for Part B because above
the optimal temperature of 25°C, enzyme activity is
reduced and may cease o function.
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Sample Response: 0 points

The following question has two parts. First, answer part A_Then, answer part B.

Part A

Studentsin a biclogy class conduct an experiment to determine the effect of temperature on the rate of
photosynthesis in a plant. They place an flodea plant into a test tube filled with water. Then, the students place the test
tube under a light and slowly increaze the temperature of the water. They record their resultz and display them on a
graph as shown.

Photosynthesis vs. Temperature Experiment

i
; i
E :
: | e
o ]
3 '
& |
s !
.
0 25

Temperalure (“C)
Which statement is supported by the data in the graph?
@& The rate of oxygen production is lowest in section M.

The rate of oxygen production is areatast in section M.

o ®

The production of water molecules is greatest in section L.

)

The number of carben dioxide molecules in the beaker is greatest in section K.
Parl B
Which statement explains the effect of temperature on the rate of photosynthesis?

® Oxygen molecules break down at temperatures above 25°C

-‘I’u" The rate of photosynthesis is unaffected by the temperature of the water.
© The number of chloroplasts in the cell decreases as temperature increases,

@ Enzymes involved with plant photosynthesis are disrupted at temperatures above 25°C

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly selects “Option A” for Part B. Both Part A
and Part B must be correct for full credit.
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Sample Response: 0 points

The following question has two parts. First, answer part A_Then, answer part B.

Part A

Sfudents in a biclogy class conduct an experiment 1o determine the effect of temperature on the rate of
photosynthesis in a plant. They place an Eodsa plant into a test tube filled with water. Then, the students place the test
tube under a light and slowly increase the temperature of the water. They record their results and display them on a
graph as shown.

Photosynthesis vs. Temperature Experiment
M

n

3 i
2 !
£ | N
£ :
5 :
3 |
v
0 25

Temperature (°C)
Which statement is supported by the data in the graph?
@ The rate of oxygen production is lowest in section M.
® The rate of oxygen production is greatest in section M.
@® The production of water molecules is greatest in section L
@ The number of carbon dioxide molecules in the beaker is greatest in section K.
Parl B
Which statement explains the effect of temperature on the rote of photosynthesis?
@& Oxygen molecules break down at temperatures above 23°C.

@ The rate of photosynthesiz iz unaffected by the temperature of the water.

Notes on Scoring

This response earns no credit (0 points) because both
selections are incorrect: “Option C” for Part A and
“Option C” for Part B. Both Part A and Part B must be
correct for full credit.
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Question 12

A scientist is examining a pedigree that includes several generations of an organism with XX/XY chromosome sex
determination.

Which pattern of inhertance would support the hypothesis that the trait being studied is a recessive sex-inked frait
found on the X chromosome?

@ The trait is only expressed in males who have a father with the trait.
® The trait is expressed in half of the female organisms and all of the male organisms.
© The trait is mostly expressed in males who have a maternal grandfather with the trait.

@ The trait is mostly expressed in females who have a patemal grandmother with the trait.

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

Rationale for Option A: This is incorrect. A son can only inherit an X-linked trait from
his mother. A father only contributes a Y chromosome to his sons.

Rationale for Option B: This is incorrect. Sex-linked traits are typically expressed in
higher frequency in males than females. However, it would not be typical for all of
the males to express the frait.

Rationale for Option C: Key — The maternal grandfather passes the X-linked trait to
the mother and the mother passes the X-linked trait fo the son. This is a typical
pattern of inheritance for an X-linked trait.

Rationale for Option D: This is incorrect. Since the X-linked trait is recessive, females
would have to inherit the trait from both mother and father in order to express the
trait.
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Alignment

Topic
Heredity

Subtopic
Genetic Mechanisms and Inheritance

Content Elaboration

In high school, genetic mechanisms (both classical and modern), including
incomplete dominance, sex-linked traits, goodness of fit test (Chi-square) and
dihybrid crosses, are investigated through real-world examples.

Cognitive Demand
Demonstrating Science Knowledge (D)

Requires students to use scientific inquiry and develop the ability to think and act in
ways associated with inquiry, including asking questions, planning and conducting
investigations, using appropriate tools and techniques to gather and organize data,
thinking critically and logically about relationships between evidence and
explanations, constructing and analyzing alternative explanations, and
communicating scientific arguments.

Explanation of the Item

This item requires the student to use knowledge of sex-linked patterns of inheritance
(XX/XY chromosome sex determination) in order to determine which information
supports the hypothesis that the trait being studied is a recessive sex-linked trait found
on the X chromosome.

Sample Response: 1 point

A scientist is examining a pedigree that includes several generations of an organism with XX/XY chromosome sex
determination.

Which pattem of inheritance would support the hypothesis that the trait being studied is a recessive sex-linked trait
found on the X chromosome?2

@  The trait is only expressed in males who have a father with the trait.
@ The trait is expressed in half of the female organisms and all of the male organisms.
@ The frait is mostly expressed in males who have a maternal grandfather with the frait.

@ The trait is mostly expressed in females who have a patermnal grandmother with the trait.
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Question 13

The diagram models the time-laopse movement of particles across a cell membrane. The particles have
characterstics that allow them to pass freely across the membrane.

Particles Crossing a Membrane over Time

[RETEER] EIRBIL

| The particles crossing the membrane do not have a charge.

| The movement across the membrane requires energy from ATP.

Select all of the statements that describe the particles or their movement based on the time-lopse diagram.

| The movement across the membrane requires energy from glucose.
| The movement across the memibrane does nof require added energy.
| The particles crosting the membrane could be proteins or carbohydrates.

[ The particles crosting the membrane could be water (H.O) or oxygen (O).

[ The particles crossing the membrane have o strong positive or negative charge.

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

Rationale for Option A: Key — Only small, uncharged particles like water and

oxygen can diffuse across the cell membrane.

Rationale for Option B: This is incorrect. Diffusion does not require ATP.

Rationale for Option C: This is incorrect. Diffusion is not powered by glucose.

Rationale for Option D: Key — Diffusion or osmosis does not require additional

energy from ATP.
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Rationale for Option E: This is incorrect. Large molecules cannot diffuse across the
cell membrane without transport proteins.

Rationale for Option F: Key — Only small, uncharged particles like water, oxygen
and carbon dioxide can diffuse across the cell membrane.

Rationale for Option G: This is incorrect. Charged particles cannot diffuse across
the membrane without the aid of a membrane protein.

Alignment

Topic
Cells

Subtopic

Cell Structure and Function

Content Elaboration

Every cell is covered by a membrane that controls what can enter and leave the cell.
In all but quite primitive cells, a complex network of proteins provides organization
and shape. Within the cell are specialized parts for the transport of materials, energy
transformation, protein building, waste disposal, information feedback and
movement. In addition to these basic cellular functions, most cells in multicellular
organisms perform some specific functions that others do not.

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific terminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Iltem
This multi-select item requires the student to interpret the particle movement across a
phospholipid bilayer membrane. Diffusion is occurring in the diagram.
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Sample Response: 1 point

The diagram models the time-lapse movement of parficles ocross a cell membrane. The parficles have
characteristics that allow them to pass freely ocross the membrane.

Particles Crossing a Membrane over Time

i Iilll!ﬂlillllllll I

Select all of the statements that describe the particles or their movement bosed on the fime-lopse diogram.

The particles crossing the membrane do not have a charge.

The movement ocross the membrane requires energy from ATP.

The movement across the membrane requires energy from glucose.

The movement ocross the membrane does not require added energy.

The particles crossing the membrane could be proteins or carbohydrates.
The particles crossing the membrane could be water [H,O) or oxygen (O,).

The particles crossing the membrane have a strong positive or negative chorge.

Notes on Scoring

This response earns full credit (1 point) because it
correctly indicates “Option A,” “Option D" and
“Option F" as statements that describe the particles or
their movement based on the time-lapse diagram.
“Option A" is a correct statement because only small,
uncharged particles like water and oxygen can diffuse
across the cell membrane. “Option D" is correct
because diffusion or osmosis do not require additional
energy from ATP. “Option F" is correct because only
small, uncharged particles like water and oxygen can
diffuse across the cell membrane.
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Sample Response: 0 points

The diagram medels the time-lapse movement of particles across a cell membrane. The particles have
characteristics that cllow them to pass freely across the membrane.

Particles Crossing @ Membrane over Time

i o

Select all of the statements that describe the particles or their movement based on the fime-lopse diagram.

The particles crossing the membrane do not have a charge.

[ The movement across the membrane requires energy from ATP.

[l The movement across the membrane requires energy from glucoss.

I The movement across the membrane does not require added energy.
The particles crossing the membrane could be proteins or carbohydrates.
The particles crossing the membrane could be water (H:O) or oxygen (O4).

| The particles crossing the membrane hove o strong positive or negative charge.

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly indicates “Option E.” “Option E" is not a
correct statement because large molecules, like
proteins or carbohydrates, cannot diffuse across the
cell membrane.
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Sample Response: 0 points

The diagram models the time-lapse movement of porticles across a cell membrane. The particles have
charactenstics that allow them to pass freely across the membrane.

Particles Crossing a Membrane over Time

T MMMM WMWM

Select all of the statements that describe the particles or their movement based on the time-lapse diagram.

The particles crossing the membrane do net have a charge.

The movement across the membrane requires energy from ATP.

The movement across the membrane requires energy from glucose.

The movement across the membrane does not require added energy.
The particles crossing the membrane could be proteins or carbohydrates.
The particles crossing the membrane could be water [H,O) or oxygen [O.).

The particles crossing the membrane hove a strong positive or negative charge.

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly indicates “Option C.” “Option C" is not
correct because diffusion across the membrane is not
powered by glucose. Although “Option D" was
selected, “"Option F" was not. The correct selections are
“Option A,” “Option D" and “Option F" statements that
describe the particles or their movement based on the
time-lapse diagram.
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Question 14

Identify which structures are
present in animal cells and which
structures are present in bacteria cell

cells.
Structures

Click on the blank box next to a
structure to mark it as present in
each of the two cell types. Cell wall

DMNA
Nucleus

Ribosome

Present in
Animal Cells

0

0 o 0O

Present in
Bacteria Cells

L]

O o o

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

For this item, a full-credit response includes:

“Cell wall” selected for “Bacteria Cells;"”
AND

“DNA" selected for both;

AND

“Nucleus” selected for “Animal Cells;”
AND

“Ribosome” selected for both (1 point).
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Alignment

Topic
Cells

Subtopic
Cell Structure and Function

Content Elaboration

Within the cell are specialized parts for the transport of materials, energy
transformation, protein building, waste disposal, information feedback and
movement. In addition to these basic cellular functions, most cells in multicellular
organisms perform some specific functions that others do not.

Coanitive Demand
Recalling Accurate Science (R)

Requires students to provide accurate statements about scientifically valid facts,
concepts and relationships. Recall only requires students to provide a rote response,
declarative knowledge or perform routine mathematical tasks. This cognitive demand
refers to students’ knowledge of science fact, information, concepts, tools,
procedures (being able to describe how) and basic principles.

Explanation of the Item
This graphic response item requires the student to identify which structures (cell wall,
DNA, nucleus, ribosomes) are present or absent in animal and bacteria cells.

Bacteria cells will have DNA, cell wall and ribosome checked. Animal cells will have
DNA, nucleus and ribosome checked.
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Sample Response: 1 point

Identify which structures are
present in animal cells and which

structures are present in bacteria cell Present in Present in
cels. Structures Animal Cells Bacteria Cells

Click on the blank box next to a

structure to mark it as present in
each of the two cell types. Cell wall I:I g
DMA M d
Nucleus ‘j D
Ribosome ‘j M

Notes on Scoring

This response earns full credit (1 point) because it
correctly indicates that a cell wall is present in bacteria
cells, that DNA is present in both animal and bacteria
cells, that a nucleus is present in animal cells and that
ribosomes are found in both animal and bacteria cells.
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Sample Response: 0 points

Identify which structures are
present in animal cells and which
structures are present in bacteria Cell Present in Present in
cells.
Structures Animal Cells Bacteria Cells
Click on the blank box nextto a
structure to mark it as present in
each of the two cell types. Cell wall I:l Ij
DNA ] ]
Mucleus D D
Ribosome g |j

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly indicates that DNA and a nucleus are not
found in animal or bacteria cells. The correct answer
should indicate that a cell wall is present in bacteria
cells, that DNA is present in both animal and bacteria
cells, that a nucleus is present in animal cells and that
ribosomes are found in both animal and bacteria cells.
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Sample Response: 0 points

Identify which structures are
present in animal cells and which

structures are present in bacterio Cell Present in Present in
cells,

Structures Animal Cells Bacteria Cells
Click on the blank box next to a

structure to maork it as present in
each of the two cell lypes. Cell wall Ij |j
DNA |_\_£‘r ]
MNucleus I:l g
Ribosome Ij ]

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly indicates that a cell wall is present in animal
cells, that DNA is not present in bacteria cells, that a
nucleus is present in bacteria cells and that ribosomes
are present in only animal cells. The correct answer
should indicate that a cell wall is present in bacteria
cells only, that DNA is present in both animal and
bacteria cells, that a nucleus is present in animal cells
and that ribosomes are found in both animal and
bacteria cells.
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Question 15

The table shows sample cells taken from tissues of two individuals of the same species. DNA from each cell is analyzed
using gel electrophoresis.

Gel Electrophoresis Cell Comparison

cell Tissue Source Tissue Source
Individual A Individual B
1 Liver Liver
2 Lung Skin
3 Muscle Muscle
4 Blood Pancreas

Which prediction wil be supported by the results of the gel electrophoresis analysis?

)

Cell 1 from Individual A will have an identical banding patfern compared to Cell 1 from Individual B.

m

Cell 1 from Individual A will have an identical banding pattern compared to Cell 2 from Individual A,

a)

Cell 1 from Individual A will have a different banding pattern compared to Cell 3 from Individual A.

o)

Cell 1 from Individual A will have a different banding pattern compared to Cell 4 from Individual A.

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

Rationale for Option A: This is incorrect. DNA taken from different individuals will
produce different gel banding patterns.

Rationale for Option B: Key — Diploid cells taken from the same individual will
produce almost identical gel electrophoresis patterns since each cell has the
identical genetic make-up.

Rationale for Option C: This is incorrect. Diploid cells tfaken from the same
individual will produce almost identical gel electrophoresis patterns since each
cell has the identical genetic make-up.

Rationale for Option D: This is incorrect. Diploid cells taken from the same
individual will produce almost identical gel electrophoresis patterns since each
cell has the identical genetic make-up.
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Alignment

Topic
Heredity

Subtopic
Modern Genetics

Content Elaboration

“The many body cells in an individual can be very different from one another, even
though they are all descended from a single cell and thus have essentially identical
genetic instructions. Different genes are active in different types of cells, influenced by
the cell’'s environment and past history.” (American Association for the Advancement
of Science)

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific tferminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Iltem

This multiple choice item requires the student to predict the results of a gel
electrophoresis comparison between two organisms. Gel electrophoresis is a process
used to separate DNA into bands that can be used for determining relationships
among organisms. The cells of an individual organism have identical genetic
make-up, but cells in various porfions of the body have different functions.
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Sample Response: 1 point

The table shows sample cells taken from tissues of two individuals of the same species. DNA from each cell is analyzed
using gel electrophoresis.

Gel Electrophoresis Cell Comparison

Cell Tissue Source Tissue Source
Individual A Individual B
1 Liver Liver
2 Lung Skin
3 Muscle Muscle
kS Blood Pancreas

Which prediction wil be supported by the results of the gel electrophoresis analysis?

fa Cell 1 from Individual A wil have an identical banding pattern compared to Cell 1 from Individual B.
® Cel 1 from Individual A wil have an identical banding pattern compared to Cell 2 from Individual A.
@ Cell 1 from Individual A will have a different banding pattern compared fo Cell 3 from Individual A.
)

Cell 1 from Individual A wil hawve a different banding pattern compared to Cell 4 from Individual A.
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Question 16 (Simulation for Question 17)

To understand how reactions happen in cells, scientists often
isolate enzymes and their substrates to conduct experiments
in laboratories. The enzymes and substrates used in the
following experiment are involved in reactions that produce
gas, which can be collected and measured.

Select an enzyme, a substrate and a temperature. Then click
Start to conduct a study of enzyme activity. The results will
appear in the table below.

Enzyme (1]~ ~Syringe
Substrate (A |~ m
Temperature = .

(degrees C) (27 |~ Stopper 7 Test Tube
= W N
Start Bath L~ »-

‘-.\ "E—{'II'——
A
—
\\ i
M /J
L ——

m Clear All Rows

Enzyme|Substrate|lemperature (C)|Water Displaced (mL)|Bubbles

)
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Question 17

The diagram models the shapes of Enzyme | and E e 2 at different temperatures. Use data from the simulation to
predict the effects of different temperatures on each enzyme's shape.

Place o temperalure lobel into each blank box to indicate how temperature would affect the shope of the
EnZymes.

* Place only one temperature label in each bax

= You may use each temperature label more than once.

* There may be more than one correct answer.
+ You do not need to use all the temperature labels.

|ﬂ_ )

Enzyme Shapes

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

For this item, a full-credit response includes:

e For Enzyme 1: "27°C" OR “37°C" placed in left box, and “75°C"” OR *100°C"
placed in right box;

AND

e For Enzyme 2: “27°C" OR “37°C" OR "75°C" placed in left box, and ONLY
“100°C" placed in right box (1 point).

130



Alignment

Topic
Cells

Subtopic

Cellular Processes

Content Elaboration

Cell functions are regulated. Complex interactions among the different kinds of
molecules in the cell cause distinct cycles of activities, such as growth and division.
Most cells function within a narrow range of temperature and pH. At very low
temperatures, reaction rates are slow. High temperatures and/or extremes of pH can
ireversibly change the structure of most protein molecules. Even small changes in pH
can alter how molecules interact.

Cognitive Dbemand
Demonstrating Science Knowledge (D)

Requires students to use scientific inquiry and develop the ability to think and act in
ways associated with inquiry, including asking questions, planning and conducting
investigations, using appropriate tools and techniques to gather and organize data,
thinking critically and logically about relationships between evidence and
explanations, constructing and analyzing alternative explanations, and
communicating scientific arguments.

Explanation of the Iltem

This item requires the student to determine the optimal conditions for enzymatic
reactions. The student makes a prediction about how different temperatures can
influence enzyme shape and activity. The simulation explores the reaction of enzymes
and substrates at four temperature ranges. Enzyme 1 and Substrate A produce gas at
lower temperatures (27°C and 37°C), and at high temperatures (75°C and 100°C) no
reaction takes place. Enzyme 1 and Substrate B have no reaction at any
temperature. Enzyme 2 and Substrate A have no reaction at any temperature.
Enzyme 2 and Substrate B increase gas production as the temperature increases until
it hits T00°C. At 100°C, there is no reaction. The enzyme is denatured.

To address this item, Enzyme 1 is functional at 27°C or 37°C and denatured at 75°C or
100°C. Enzyme 2 is functional at 27°C or 37°C or 75°C. It is denatured at 100°C.

131






Biology
Practice Test

Question 17

Sample Responses

133



Sample Response: 1 point

The diagrom modeks the shopes of Enzyme | ond Enzyme 2 at different temperatures, Use data from the simulation to
predict the effects of different temperatures on ecch enzyme's shope.

Place o temperature label Into each blonk box to indicate how temperature would affect the shape of the
EMZYMEs.

* Place only one temperature label in each box

& Tou may use each temperature label more than once.
& There may be more than one comect answer,

+ You do not need to use all the temperailure lobels,

aree | | @ CEED

=

Enzyme Shapes

£k

]
o
K

Notes on Scoring

This response earns full credit (1 point) because for
Enzyme 1 it indicates “27°C" and “75°C,” and for
Enzyme 2, “37°C"” and *100°C."” For this item, for
Enzyme 1, a full-credit response includes “27°C" or
“37°C" placed in the left box and “75°C" or “100°C"
placed in the right box. For Enzyme 2, a full-credit
response includes “27°C" or “37°C" or “75°C" placed in
the left box and ONLY “100°C" placed in the right box.
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Sample Response: 1 point

The dloqrom models the shopes of Eneyme 1 ond Enyme 2 ot different temperatures, Use doto from the simdation fo
predict the effects of different tempergtures on each enzyme's shape.

Place a temperature lobel into each blank box to indicate how temperature would affect the shope of the
ENTYIMEs.

* Place only one temperaiure lobel in each Do,

» fou may use eoch temperoture lobel more than once.
» There may be maore than one comect answer.

» fou do not neead to use all the temperalure labels.

|a2l'.m[: L
[arec
|?s°c

oo

EI‘IIYH'II Shapes

Notes on Scoring

This response earns full credit (1 point) because for
Enzyme 1 it indicates “37°C" and “100°C,"” and for
Enzyme 2, “75°C" and *100°C" are selected.
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Sample Response: 0 points

The diagram models the shapes of Engyme 1 and Enzw'le 2 at different temperatures. Use data from the simulation to
predict the effects of different temperatures on each enzyme's shape.

Flace a temperature label into each blank box to indicate how temperature would affect the shape of the
EnIymes.

+ Place only one femperaiure label in each box.

s Tou moay use each temperalure label more than once.
+ There may be more than one corect answer.

¢ fou do not need fo use all the temperature labels.

[ || © S

7o Enzyme Shapes
Subsirate
75°C
| 100°C Active

Slte

Notes on Scoring

This response earns no credit (0 points) because for
Enzyme 1 it indicates “75°C" and “100°C,” and for
Enzyme 2, “37°C" and “27°C" are selected.
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Sample Response: 0 points

The diagram models the shapes of Enzyme 1 and Enzyme 2 at different temperatures. Use data from the simulation to
predict the effects of different temperatures on each enzyme's shape.

Place a temperature label into each blank box to indicate how temperature would offect the shape of the
enzymes.

* Place only one temperature label in each box.

« fou may use each temperature label more than once.
+ There may be more than one correct answer.

* fou do not need to use all the temperature labels.

aroc | | © CED

370 Enzyme Shapes
Subsirate
75°C
Active

.IOO”C Site

Enzyme 1 at |100°C | Enzyme 1 at | 75°C |

Enzyme 2 at | 27°C | Enzyme 2 at |100°C

Notes on Scoring

This response earns no credit (0 points) because for
Enzyme 1, “100°C" (a temperature that is too high) for
the left box is selected. To earn full credit on this item,
appropriate temperature for all four boxes must be
selected.
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Question 18

Ared blood cellis ploced into an aqueowus solution. The red blood cell has a lower concentration of protein and sugar than
ihB" aqueous solution. as shown in the diagram. In the diagram. the volume of the cell is equal fo the volume outside the
cell.

What is most likely to occur?

F
A

P A
A A A @
. L]
'y

- [ ]
Y A g
o, A0, " 9.4

Key
A Protein

(& Red Blood Cell
@ Sugar

m  Water from the solution will diffuse into the red blood cell.

@ ‘Water from the red blood cell will diffuse into the solution.

@ Protein and sugar from the solufion will diffuse info the red blood cell.

@ Protein and sugar from the red blood cell will diffuse into the sclution.

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

Rationale for Option A: This is incorrect. Water will diffuse out of the cell.

Rationale for Option B: Key — Water will diffuse from high concentration (in the

cell) to low concentration (out of the cell).

Rationale for Option C: This is incorrect. Sugar and proteins cannot diffuse into a

red blood cell.

Rationale for Option D: This is incorrect. Sugar and proteins cannot diffuse intfo a

red blood cell.
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Alignment

Topic
Cells

Subtopic

Cellular Processes

Content Elaboration

Every cell is covered by a membrane that controls what can enter and leave the cell.
In all but quite primitive cells, a complex network of proteins provides organization
and shape. Within the cell are specialized parts for the transport of materials, energy
transformation, protein building, waste disposal, information feedback, and
movement. In addition to these basic cellular functions, most cells in multicellular
organisms perform some specific functions that others do not.

Cognitive Dbemand
Recalling Accurate Science (R)

Requires students to provide accurate statements about scientifically valid facts,
concepts and relationships. Recall only requires students to provide a rote response,
declarative knowledge or perform routine mathematical tasks. This cognitive demand
refers to students’ knowledge of science fact, information, concepts, tools,
procedures (being able to describe how) and basic principles.

Explanation of the Item

This item requires the student to understand diffusion and osmosis in the context of a
red blood cell in an aqueous solution. The red blood cell has a lower concentration of
protein and sugar than the solution in which it is placed. This will cause water to flow
from the cell to the solution.
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Sample Response: 1 point

[

IO ]

Ared blood cellis placed into an agqueous solution. The red blood cell has a lower concentration of proteln and sugar than
Thel aqueous solution. as shown in the diagram. In the diagram, the volume of the cellis egual to the volume outside the
cell.

A ® L@ & ‘0
A @

™ e L ] .A
[ ] .
'y

- [ ]
- o
., 8 AL®, L®he
o L ea o

Key
A Protein
= Red Blood Cell
® Sugar

What is most likely to occur®

Water from the solufion will diffuse into the red blood cell.
Water from the red blood cell will diffuse into the solution.
Protein and sugar from the solution will diffuse into the red blood cell.

Protein and sugar from the red blood cell will diffuse into the solution.
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Question 19

Speciation is occurring in lizard
?opulmions on two isolated islands,
taff Island and Bow Island. Based

on evidence collected over a
long period of fime, biologists
create the lizard species
cladogram shown.

Island Lizard Cladogram
Bow lsland Staff Island
[ |
u

T v

I

Enter a number (1-4) next to each
statement to identify the order in
which the events must have
occurred on these two islands.

Event
Order

Statement

|

Biologists observe lizard breeding pairs from Staff
Island amiving on Bowv Island.

Biologists observe a population of lizards that inhakbits
Staff Island, but that no]Iizcéds are present on Bow
Island.

Biclogists determine that experimental matings of
lizards from different island lizard populations are
unable to produce offspring.

il

The lizards on Bow Island experience different
selection pressures, and begin to occupy different
niches over a number of generations.

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

For this item, a full-credit response includes:

e Statements ordered 2, 1, 4, 3 (1 point).
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Alignment

Topic
Evolution

Subtopic

Diversity of Life

Content Elaboration

The basic concept of biological evolution is that the Earth’s present-day species
descended from earlier, common ancestral species. At the high school level, the term
natural selection is used to describe the process by which tfraits become more or less
common in a population due to consistent environmental effects upon the survival or
reproduction of the individual with the trait. Different phenotypes result from new
combinations of existing genes or from mutations of genes in reproductive cells. At
the high school level, the expectation is o combine grade-8 knowledge with an
explanation of the internal structure and function of chromosomes. Natural selection
works on the phenotype.

Populations evolve over time. Evolution is the consequence of the interactions of:
1. The potential for a population to increase its numbers;
2. The genetic variability of offspring due to mutation and recombination of genes;
3. A finite supply of the resources required for life; and

4. The differential survival and reproduction of individuals with the specific phenotype.

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific terminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Item

This item requires the student to sequence speciation events in lizard populations on
two isolated islands, Staff Island and Bow Island. A cladogram is provided to help
illustrate the relationships between the populations.
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Based on this information, the sequence of events indicates that biologists observe a
population of lizards that inhabit Staff Island, but there are no lizards present on Bow
Island. There are breeding pairs from Staff Island arriving on Bow Island. The lizards on
Bow Island experience different selection pressures, and begin to occupy different
niches over a number of generations. Biologists determine that experimental matings
of lizards from different island lizard populations are unable to produce offspring. This
means that these lizard populations are different species.
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Sample Response: 1 point

Speciation is occurring in lizard
populations on two isclated islands,
Staff Island and Bow Island. Based
on evidence collected over a
long period of time, biologists
create the lizard species
cladogram shown.

Island Lizard Cladogram
Bow Island Staff Island
[ |
U

T v

L |

Enter g number (1-4) next to each
statement to identify the order in
which the events must have
occurred on these twao islands.

Event

oI Statement
Biologists observe lizard breeding pairs from Staff
Island arriving on Bow Island.
| Biologists observe a population of lizards that inhabits
[1—] Staff Island, but that no lizards are present on Bow
Island.
Biologists determine that experimental matings of
lizards from different island lizard populations are
unable to produce offspring.
The lizards on Bow Island experience different
3 selection pressures, and begin to occupy different

niches over a number of generations.

of generations.

Notes on Scoring

This response earns full credit (1 point) because it
correctly identifies the order in which the events must
have occurred on these two islands. The correct order
of events from top to bottom is: 2, Biologists observe
lizard breeding pairs from Staff Island arriving on Bow
Island; 1, Biologists observe a population of lizards that
inhabits Staff Island, but that no lizards are present on
Bow Island; 4, Biologists determine that experimental
matings of lizards from different island lizard populations
are unable to produce offspring; and 3, The lizards on
Bow Island experience different selection pressures, and
begin to occupy different niches over a number
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Sample Response: 0 points

Speciation is cccurring in lizard

?opuloﬂons on two Isolated islands,

taff Island and Bow Island. Based
on evidence collected over a
long period of time, biclogists
create the lizard species
cladogram shown.

Island Lizard Cladogram

Bow Island Staff Island

A T
T v

L |

Enter a number (1-4) next to each
statement to identify the order in
which the events must have
occurred on these two islands.

Event

Order Statement
i} Biologists observe lizard breedm? pairs from Stoff
lsland arrving on Bow Island.
Biologists observe a population of lizards that inhabits
Staff Island, but that no lizards are present on Bow
Island.
Biclogists determine that experimental matings of
lizards from different island lizard populations are
unable to produce offspring.
The lizards on Bow Island experience different
selection pressures, and begin to occupy different

niches owver a number of generations.

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly identifies the order in which the events must
have occurred on these two islands as 1, 2, 3, 4. The
correct order of events from top to bottom is: 2,

Biologists observe lizard breeding pairs from Staff Island
arriving on Bow Island; 1, Biologists observe a
population of lizards that inhabits Staff Island, but that
no lizards are present on Bow Island; 4, Biologists
determine that experimental matings of lizards from
different island lizard populations are unable to
produce offspring; and 3, The lizards on Bow Island
experience different selection pressures, and begin to
occupy different niches over a number of generations.
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Sample Response: 0 points

Speciation is occurring in lizard

populations on two isolated islands,

Staff Island and Bow Island. Based
on evidence collected over a
long period of time, biclogists
creagte the lizard species
cladogram shown.

Island Lizard Cladogram
Bow Island Staff Island

S D
T U

L

Enter a number (1-4) next to each
statement to identify the orderin
which the events must have
occurred on these twao islands.

Event
Order

Statement

Biologists observe lizard breeding pairs from Staff
Island arriving on Bow Island.

Biologists observe a population of lizards that inhabits

Staff Island, but that no lizards are present on Bow
Island.

Biologists determine that experimental matings of
lizards from different island lizard populations are
unable to produce offspring.

TR

The lizards on Bow Island experience different
selection pressures, and begin to occupy different
niches over a number of generations.

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly identifies the order in which the events must
have occurred on these two islands as 2, 4, 1, 3. The
correct order of events from top to bottom is: 2,
Biologists observe lizard breeding pairs from Staff Island
arriving on Bow Island; 1, Biologists observe a
population of lizards that inhabits Staff Island, but that
no lizards are present on Bow Island; 4, Biologists
determine that experimental matings of lizards from
different island lizard populations are unable to
produce offspring; and 3, The lizards on Bow Island

experience different selection pressures, and begin to
occupy different niches over a number of generations.
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Question 20

The table lists the presence or
absence of genes for two proteins
in different animal groups.

Use the data in the table to
determine when the genes for
these proteins appeared or were
lost within the cladogram shown.,

Mowve alabel into each blank box.

* fou may not need to fill in all of
the blank baxes.

+ fou may not need to use all of
the labels.

Comparison of Animal Groups

Aves gﬂm {marsupial {m::?ul
(birds) :iguamuh; mammals) | mammals)

Example Chicken Platypus | Kangaroo Lion

Gene

Casein absent present present present

Vitellogenin| present prasent absent absent

Chicken
Platypus
Kangaroo

Lion

gainofgene lossofgene  gainofgene  loss of gene
casein casein vitellogenin vitellogenin

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

For this item, a full-credit response includes:

e “"Gain of casein” placed in the left box;

AND

* “Loss of vitellogenin” placed in the middle box;

AND

* Nothing placed in the right box (1 point).
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Alignment

Topic
Evolution

Subtopic

Diversity of Life

Content Elaboration

At the high school level, the term natural selection is used to describe the process

by which traits become more or less common in a population due to consistent
environmental effects upon the survival or reproduction of the individual with the frait.

Modern ideas about evolution provide a natural explanation for the diversity of life on
Earth as represented in the fossil record, in the similarities of existing species and in
modern molecular evidence. From a long-term perspective, evolution is the descent
with modification of different lineages from common ancestors.

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific ferminology, tfechnological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Item

This item requires the student to use trait comparison data and a cladogram to
determine when certain traits appeared or were lost among a group of organisms.
The casein protein appeared in a group of organisms between the chicken and
platypus. The protein vitellogenin was lost in a group of organisms between the
platypus and kangaroo.
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Sample Response: 1 point

The table lists the presence or
absence of genes for two proteins
in different animal groups.

Use the data in the table to
determine when the genes for
these proteins appeared or were
lost within the cladogram shawn.

Mowve alabel into each blank box.

* fou may not need to fillin all of
the blank boxes.

* You may not need fo use all of
the labels.

Comparison of Animal Groups

e, (o ekhete] SRS,
-laying| (marsu, place
(birds) I:'I.;I?‘hl'rlﬂh mammals) | mammals)

Example Chicken Platypus | Kangaroo Lion

Gene

Casein absent present prasent present

Vitellogenin| present present absent absent

Chicken
Platypus

Kangaroo

€

gainofgene lossofgene  gainofgene  loss of gene
casein casein vitellogenin vitellogenin

Lion

Notes on Scoring

This response earns full credit (1 point) because it used
the data in the table to correctly place the symbol for
“gain of gene casein” in the left box, the symbol for
“loss of gene vitellogenin” in the middle box and
nothing in the right box to indicate when the genes for
these proteins appeared or were lost within the
cladogram shown. This is the only correct arrangement.
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Sample Response: 0 points

The table lists the presence or
absence of genes for two proteins
In different animal groups.

Use the data in the table to
delermine when the genes for
these proteins appeared or were
lost within the cladogram shown.

Mowve alabel into each blank box.

* You may not need to fill in all of
the blank boxes.

* You may not need to use all of
the labels.

Comparison of Animal Groups

Aves (mlayh (mump.dk: (El':memul
(oinds) |SEE i) | mammaie) | mcmenels)

Example Chicken Platypus | Kangaroo Lion

Gene

Casein absent present present present

Vitellogenin| present present absent absent

Chicken
Platypus
Kangaroo

Lion

gainofgene lossofgene  gainofgene  loss of gene
casein casein vitellogenin vitellogenin

Notes on Scoring

This response earns no credit (0 points) because it
places an incorrect symbol in each of the three boxes.
For a full-credit response, the symbol for “gain of gene
casein” must be placed in the left box, the symbol for
“loss of gene vitellogenin” must be placed in the
middle box and nothing should be placed in the right
box to indicate when the genes for these proteins
appeared or were lost within the cladogram shown.
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Sample Response: 0 points

The takle lists the presence or
absence of genes for two proteins
in different animal groups.

Use the data in the table to
determine when the genes for
these proteins appeared or were
lost within the cladogram shown.

Mowve alabel into each blank box.

= You may not need to fill in all of
the blank boxes.

+ You may not need to use all of
the labels.

Comparison of Animal Groups

Prototheria | Metatheria| Eutheria

Aves
(birds) [ k]| inammal) | ceammals)
Example Chicken Platypus | Kangaroo Lion
Gene
Casein absent present present present
Vitellogenin| present prasent absent absent
Chicken

Platypus

Kangaroo

[<]

Lion

[c]

=

gainofgene lossofgene  gainofgene  loss of gene

casein casein vitellogenin vitellogenin

Notes on Scoring

This response earns no credit (0 points) because it
places an incorrect symbol in each of the three boxes.
For a full-credit response, the symbol for “gain of gene
casein” must be placed in the left box, the symbol for
“loss of gene vitellogenin” must be placed in the
middle box and nothing should be placed in the right
box to indicate when the genes for these proteins
appeared or were lost within the cladogram shown.
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Question 21

The evoluticnary relationships omong four animals end four animal fraits are shown in the cladogram.

Animal Cladogram
Shark Bulifrog Kangaroo  Chimpanzee

Placenta

Mammary glands
Two pairs of limbs

Vertebraoe

Select the boxes to identify the frait(s) that each animal possesses.

Bullfrog Chimpanzee Kangaroo Shark
Placenta [ [ [

[
Vertebrae [ [ [ [
Marmmary glands [ [ [ [
Two pairs of imbs | [ [ [

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines
For this item, a full-credit response includes:
* “Placenta” selected for "Chimpanzee”
AND
* “Vertebrae” selected for “Bullfrog,” “Chimpanzee,” “*Kangaroo” and “Shark”

AND
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e “Mammary glands” selected for “Chimpanzee” and “Kangaroo”
AND

* “Two pairs of limbs” selected for “Bullfrog,” "Chimpanzee™” and “Kangaroo”
(1 point).

Alignment

Topic
Diversity and Interdependence of Life

Subtopic
Classification systems are frameworks created by scientists for describing the vast

diversity of organisms, indicating the degree of relatedness between organismes.

Content Elaboration

Classification systems are frameworks developed by scientists for describing the
diversity of organisms, indicating the degree of relatedness between organismes.
Recent molecular-sequence data generally support earlier hypotheses regarding
lineages of organisms based upon morphological comparisons. Both morphological
comparisons and molecular evidence must be used to describe biodiversity
(cladograms can be used to address this).

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific terminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Item

This item requires the student to interpret a cladogram that displays four animals and
four animal fraits. The student is to select the tfraits that each animal possesses. The
bullfrog has vertebrae and two pairs of limbs. The chimpanzee has all four traits. The
kangaroo has vertebrae, two pairs of limbs and mammary glands. The shark has
vertebrae.
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Sample Response: 1 point

The evolutionary relationships among four animals and four animal fraits are shown in the cladogram.
Animal Cladogram
Shark Bullfrog Kangaroo  Chimpanzee

Placenta

Mammary glands
Two pairs of limbs
Vertebrae

Select the boxes to identify the trait(s| that each animal possesses.

Bullfrog Chimpanzee Kangaroo Shark

Placenta [ [ [
Vertebrae
Marnmary glands [ [
Two pairs of limbs [

Notes on Scoring

This response earns full credit (1 point) because it
correctly selects “Placenta” for “Chimpanzee,”
“Vertebrae” for all four animals, “Mammary glands” for
“Chimpanzee” and “Kangaroo,” and “Two pairs of
limbs” for “Bullfrog,” “"Chimpanzee” and “Kangaroo” to
identify the traits that each animal possesses based on
the cladogram.
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Sample Response: 0 points

The evolutionary relationships among four animals and four animal traits are shown in the cladogram.

Animal Cladogram
Shark Bullfrog Kangarco  Chimpanzee

Placenta

Mommary glands
Two pairs of limbs
Vertebrae

Select the boxes to identify the trait(s) that each animal possesses.

Bullfrog Chimpanzee Kangaroo Shark

Placenta [ [ [
Vertebrae [
Mammary glands [ [
Two pairs of limbs [

Notes on Scoring

This response earns no credit (0 points) because it does
not identify “Vertebrae” for “Chimpanzee.” All boxes
must be correctly selected for full credit. To identify the
tfraits that each animal possesses based on the
cladogram, the correct responses are “Placenta” for
“Chimpanzee,” “Vertebrae” for all four animals,
“Mammary glands” for “Chimpanzee” and
“Kangaroo,” and “Two pairs of limbs” for “Bullfrog,”
“Chimpanzee” and “Kangaroo.”
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Sample Response: 0 points

The evolutionary relationships among four animals and four animal traits are shown in the cladogram.

Animal Cladogram
Shark Bullirog Kangaroo  Chimpanzee

Placenta

Mammary glands
Two pairs of limbs
Vertebroe

Jelect the boxes to identify the trait(s) that each animal possesses.

Bullrog Chimpanzee Kangaroo Shark

Placenta [ [
Vertebrae [ [
Mammary glands [ [
Two pairs of limbs [

Notes on Scoring

This response earns no credit (0 points) because it does
not identify “Placenta” for “Chimpanzee,” “Vertebrae”
for “Bullfrog” and “Shark,” and “*“Mammary glands” for
“Chimpanzee” and “Kangaroo.” All boxes must be
correctly selected for full credit. To identify the fraits
that each animal possesses based on the cladogram,
the correct responses are “Placenta’” for
“Chimpanzee,” “Vertebrae” for all four animals,
“Mammary glands” for “Chimpanzee” and
“Kangaroo,” and “Two pairs of limbs” for “Bullfrog,”
“Chimpanzee” and “Kangaroo.”
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Question 22

A

When DNA mutations occur, they
can have a variety of effects on
an organism.

- Place a nucleotide in the DNA
sequence to create a point
mutation that would shorten
the protein.

- Place a nucleofide in the DNA

sequence to create a point
mufation that would not
produce a change in the
profein.

You do not need to use all the
nucleotides.

You may use a nucleotide more
than once.

There may be more than one
correct answer.

[cl=Tel[o]>]

0 CZID

Universal Genetic Code Chart
Messenger RNA Codons and Amino Acids for Which They Code

Second base

U c A G
uuu ucu UAU uGu U
UUC}PHE UCC | UAC} YR UGC}CYS c
u UUA] Leu |UCA UAA]STOP UGa }sTop|A
UG UcG UAG UsGl Re |G
cuu ccu cAU } s cGU u
cuc cce CAC cec c
o e s v [SES PROCAA] og L Y I
5| |[cus cce cacl®N|ces c|i
2 AUU AU AAU AGU u|Z
=1, [auc e face | e anc) ASN|sGc)ser o2
AllA ACA AAA} — AGA }ARG A
AuG) e | S AAG AGG G
GuUu GCU GAU } P GGU U
. |eue Gce GAC GGC c
Claua (YA |Geoa [ALA S T e S
GuG GCG cacl ®Vcce [
onal T [Alc]c|s|a]c|cle]alc|c]T]T]A]

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

For this item, a full-credit response includes:

e “T" placed at position 11 or 12

AND

“G," "T" or "C" placed at position 6

OR

“A" T or "C" placed at position 9

OR

“G" placed at position 15 (1 point).
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Alignment

Topic
Heredity

Subtopic

Mutations

Content Elaboration

Genes are segments of DNA molecules. The sequence of DNA bases in a
chromosome determines the sequence of amino acids in a protein. Inserting, deletfing
or substituting segments of DNA molecules can alter genes. An altered gene may be
passed on to every cell that develops from it. The resulting features may help, harm or
have little or no effect on the offspring’s success in its environments.

Cognitive Demand
Interpreting and Communicating Science Concepts (C)

Requires student to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific terminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.

Explanation of the Item

This item requires the student to understand the processes of transcription, translation
and protein synthesis to use a DNA code to determine point mutations that would
produce specific results during protein synthesis. The messenger RNA is coded from
the DNA strand provided. In order to create a point mutation to shorten the protein
created, a nucleotide “T" could be placed at position 11 or 12 of the DNA strand. In
order to produce a point mutation that would not provide a change in the protein, a
nucleotide “G,” “T" or “C" can be placed at position 6; “A,” “T" or “C" at position 9;
or “G" at position 15.
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Sample Response: 1 point

When DNA mutations occur, they
can have a variety of effects on
an organism.

A. Place a nucleotide in the DNA
sequence to create a point
mutation that would shorten
the protein.

- Place a nuclectide in the DNA
sequence o creafe a point
mutation that would not
produce a change in the
protein.

* You do not need to use all the
nucleotides.

* You may use a nucleotide more
than once.

[=]=I[][o][>]

0 CTIED

Universal Genetic Code Chart
Messenger RMNA Codons and Amino Acids for Which They Code

Second base

U A G
ULy ucu UAU UGU u
, i) oo | X2 UM} R (S eys |
UuA UCA AL UGﬂ]STOP A
UUG] L& luca UA“]STC'P uec] e |G
cuu ccu CAU s cal u
cuc cce CAC cGe c
o c cuA Ly CCA PROY CAA]GLN CGA ARG Al D
8 cuG, CCa CAG [slete) G| 3
= AUU ACU ALY AGU ul2
=l auc e |ace (e AAC] AN Lo fser || 2
A laua AGA A
A METer ACA }L‘I’S A ,—.}ARG =
AUGY YT | acG AAG AGG G
Guu GCu GAL;}ASP GGU u
. |euc GCC GAC GGC c
G [cua (VA Goa [ALA GAA cea (YA
GUG GCG sl ewlccs &
onal T [afc]clefefc]cle]alc|m]r]T]|A]

¢ There may be more than one
correct answer.

Notes on Scoring

position 15.

This response earns full credit (1 point) because it correctly
places a “T" at location 12 for Part A and a “C" at location 6
for Part B. A full-credit (1 point) response requires placement
of a “T" at position 11 or 12 for Part A AND placement of a
“C", "G" or "T" at position 6 for Part B OR placement of an
“A", “C" or "T" at position 2 OR placement of a “G"” at
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Sample Response: 1 point

_ ®
When DNA mutj:a‘rlons occur, they Universal Genetic Code Chart
can have a variety of effects on IMessenger RNA Codons and Amine Acids for Which They Code
an organism. Second base
U C A G
o UuU ucu UAU UGU u
A. Place a nucleotide in the DNA . ; ch} PHE | |~ ~ R up,c} TYR UGC]CYS c
sequence fo create a point E UUA] ey |UCA UM}srop UGA ] sToP| A
i UG UCG UAG usa) TRP |G
mutation that would shorten — ~ = ;
the brotein Cuu Cccu CAU}HIS k_,G(L: U
o) ; c [CUS Lieu |CCC Lppo|CAC CGC | palC
® cuA CCA CAA CGA Al e
8| |cus cca cacloN|cia c| g
B. Place a nucleotide in the DNA 15 AUU ACU AAU] asn |ACU ]ssn Uz
: = AUC ILE | acc AAC AGC cle
sequence fo create a point A o THR
AUA ACA AAA} s AGA} aral|A
mutation that would not AUGENES | Aco AAG AGG G
produce a change in the GuU GCU GAU}ASP GGU u
. c |9UC Lyar|GCC L il cAC GGC | aiylC
protein. ~ |cua GCA GAA] GGA A
GUG GCG cacl ®cce &
+ You do not need to use all the
e ona T [a[cfclc[a]c]cle]alc[T] ] [c]
* You may use a nucleotide more
than once.
¢ There may be more than one
correct answer.

Notes on Scoring

This response earns full credit (1 point) because it
correctly places “T" at position 12 and “G" at position
15. A full-credit response includes “T" placed at position
11 or 12 AND “G,” "T" or "C" placed at position 6, OR
“A"HT or "C” placed at position 9, OR “G” placed at
position 15.
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Sample Response: 0 points

(O Deete =2
When DNA mut.cmons occur, they Universal Genefic Code Chart
can have a variety of effects on Messenger RNA Codons and Amino Acids for Which They Code
an organism. Second base
U c A [e]
. T uuy ucu UAU uGu U
A. Place a nucleotide in the DNA ch} PHE | =0 -~ u,ac} TYR UGC}CYS c
) U % 3
sequence to create a point UUA] ey |VEA U-‘ﬁ-ﬂ}srop UGA ] STOP| 4
: uuG ucs UAG ucc] TRP_|G
mutation that would shorten g :
i cuu ccu CAU}HIS cGU U
o) : ¢ [CUS Liey |CSCC LppolCAC olcloll P [
© CUA CCA CAA] CGA Al g
8| |cue cce caclI®WNiceg c| g
B. Place a nucleofide in the DNA = AUU ACU AAU] Asn [ACU ]ssa ul®
sequence to create a point Sl |AUC [HE |Ace Lyg|AaC e S
S g P A laua |aca AARY v [ASAY ppaf A
mufation that would not AUG Yo | Ao AAG AGG G
produce a change in the Guu GCU GAU } asp |GGV U
. ~ |Guc VAL GCC ALA GAC GGC GLY (82
protein. ¥ lcua GCA GAA GGA A
GUG GCG cac)OW|caa G
* You do not need to use all the
nucleotides. DNA| T A|T|C|G|T|C|C|C|A|C GITITlA

* You may use a nucleotide more
than once.

* There may be more than one
correct answer.

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly places “T" at position 3 and “G"” at position
12. A full-credit response includes “T" placed at position
11 or 12 AND “G,” "T" or "C" placed at position 6, OR
“A"HT or "C” placed at position 9, OR “G” placed at
position 15.
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Sample Response: 0 points

(@) Delete ~
Yéiaeer Dby mutghons aeeur; they Universal Genetic Code Chart
can have a variety of effects on Messenger RNA Codons and Amino Acids for Which They Code
an organism. Second base
U & A G
o i uuy ucy UAU u
A Place a nucleotide in the DNA i ch} PHE |\ ~c i UAC} TYR Egg]cvs c
sequence to create a point E UUA] ey |UEA UAA]srop UGA ] sTOP[~
teiki that I 4ot UuG UcG UAG UGG] TRP |G
fmhu a lorn‘ at would shorten T — CAU}Hls e T
e protein. o |2YC Ligy |CCC Lppo|CAC cac | el
@ cUA CCA CA.—\] CGA Alg
g| [cus ceo, caci®WNlcao c|8
B. Place a nucleotide in the DNA S AUU ACU AAU AGU ulE
t t int =] |auc e face { e anc) ASN|iGe bser |o| 2
sequence fo create a poin A Lana e AAA} - AGA}ARG W
mutation that would not AUG] M | oG AAG AGG G
produce a change in the Guu GCu GAI_.'}ASP GGU u
: o |BUC Lyar|GCE L, aleac GGC Loyl
protein. ~ laua GCA GAA] GGA A
GUG GCG cacl ®Ycee G
s You do not need fo use dll the
nucleotides. DNA| T AlGlC GlAIClClAlA C|T|T|T|G

* You may use a nucleotide more
than once.

s There may be more than one
correct answer.

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly places “G" at position 3. Placement of the
other nucleotides is correct. A full-credit response
includes “T" placed at position 11 or 12 AND “G,” “T" or
“C" placed at position 6, OR “A,” “T" or “C" placed at
position 2, OR “G” placed at position 15.
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Question 23

A scientist is tring to determine the evolutionary relationships among species with very similar physical characteristics.
Cne method to determine the relationships is by comparing amino acid sequences of proteins.

Why would the scientist compare the amino acid sequences of proteins common to those similar species?

& Amino acid sequence differences provide evidence of gene flow among the species.

)

Aming acid sequence differences reflect the accumulated differences in the DNA of the species.

3

Amino acid sequence differences are the only useful data for constructing accurate cladograms of the species.

&

j:l;mino acid sequence differences are the result of mutations caused by different selection pressures experienced by
e species.

Points Possible: 1

See Alignment for more detail.

Scoring Guidelines

Rationale for Option A: This is incorrect. Amino acid sequence comparison does
not provide any evidence of gene flow.

Rationale for Option B: Key — Amino acid sequence differences are based on
differences in DNA base sequences due to accumulated mutations.

Rationale for Option C: This is incorrect. Amino acid sequence comparison is one
of many data sources useful in constructing cladograms.

Rationale for Option D: This is incorrect. Amino acid sequence differences are not
caused by selection pressures.
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Alignment

Topic
Diversity and Interdependence of Life

Subtopic

Classification systems are frameworks created by scientists for describing the vast
diversity of organisms, indicating the degree of relatedness between organismes.

Content Elaboration

Building on knowledge from elementary school (interactions of organisms within their
environment and the law of conservation of matter and energy, food welbs) and from
middle school (flow of energy through organisms, biomes and biogeochemical
cycles), this topic focuses on the study of diversity and similarity at the molecular level
of organisms.

Classification systems are frameworks developed by scientists for describing the
diversity of organisms, indicating the degree of relatedness between organismes.
Recent molecular-sequence data generally support earlier hypotheses regarding
lineages of organisms based upon morphological comparisons. Both morphological
comparisons and molecular evidence must be used to describe biodiversity
(cladograms can be used to address this).

Cognitive Demand
Recalling Accurate Science (R)

Requires students to provide accurate statements about scientifically valid facts,
concepts and relationships. Recall only requires students to provide a rote response,
declarative knowledge or perform routine mathematical tasks. This cognitive demand
refers to students’ knowledge of science fact, information, concepts, tools,
procedures (being able to describe how) and basic principles.

Explanation of the Item

This item requires the student to understand why amino acid sequence comparisons
can provide information on evolutionary relationships. Amino acid sequence
differences are based on differences in DNA base sequences due fo accumulated
mutations.

179



Sample Response: 1 point

A scientist is trying to determine the evolutionary relationships among species with very similar physical characteristics.
One method to determing the relationships is by comparing amino acid sequences of proteins.

Why would the scientist compare the amino acid sequences of proteins common to those similar species?

fa  Amino acid sequence differences provide evidence of gene flow among the species.
@ Amino acid sequence differences reflect the accumulated differences in the DNA of the species.
e Amino acid sequence differences are the only useful data for constructing accurate cladograms of the species.

@ ﬁ\m[no acid sequence differences are the result of mutations caused by different selection pressures experienced by
e species.
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Question 24

Thhe follommig quetaom has Two pats Fand. anviver part A Then, ansiver pant B
Fart A
About 4 5H vears ago two cheetah sabspecies arose fom a commen ancestor The lable contams data companng the tao cheetah subspeacees

Chectal Subspecies Comparisan Talle

Cheetah Subspecies A, Jubatis | Ay ralmeyd

Location Souern Afnca | Eaviern Africa
Number of Alleles Unigue io Subspecies n €
Number of Allebes Shared with Cemmon Ancestor 1ig 156

Which sobupecies is penehically more chosely related 1o ity common ancedor”

& A febarg

& A roen

Fan B

Monve the cheetah sabspecies and thew commnon ancestor mto the blank boxes on the cladogram 1o show the evoluhonary relationshaps sdenhfied m
part A
= You will not ssed to fill i all of the blank boxes

Points Possible: 1

See Alignment for more detail.
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Scoring Guidelines

For this item, a full-credit response includes:

“A.j. jubatus” selected for part A;

AND

* “Common Ancestor” moved into the first box on the bottom left;
AND

e “A.j. jubatus” moved into the second box from the left;

AND

* “AJ. raineyi” moved into the third box from the left for part B (1 point).

Alignment

Topic
Evolution

Subtopic
Diversity of Life

Content Elaboration

The basic concept of biological evolution is that Earth’s present-day species
descended from earlier, common ancestral species. At the high school level the term
natural selection is used to describe the process by which traits become more or less

common in a population due to consistent environmental effects upon the survival or
reproduction of the individual with the trait.

Cognitive Dbemand
Interpreting and Communicating Science Concepts (C)

Requires students to use subject-specific conceptual knowledge to interpret and
explain events, phenomena, concepts and experiences using grade-appropriate
scientific terminology, technological knowledge and mathematical knowledge.
Communicate with clarity, focus and organization using rich, investigative scenarios,
real-world data and valid scientific information.
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Explanation of the Item

This item requires the student to identify which of two subspecies are most closely
related to the common ancestor based on the data in the Cheetah Subspecies
Comparison Table. Once the student identifies the correct subspecies, the student
then completes a cladogram reflecting the evolutionary relationships. To determine
the subspecies most closely related to the common ancestor, the student would
select the species with the least number of alleles unique to the subspecies. Referring
to the table, the A.j. jubatus subspecies has the least with 72 unique alleles. Therefore,
the correct response is “A”. To identify the correct evolutionary relationships, the
common ancestor would be placed in the far-left box at the beginning of the
diagonal line. Then, the A.j. jubatus subspecies would be placed in the first box to the
right, depicting A.j. jubatus as the closest relative. The subspecies A.j. raineyi would be
placed in the next box to the right, showing A.j. raineyi as the next most closely
related.
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Sample Response: 1 point

The followmy question has fwo parts. Farst answer part A Then, answer part B
Fart A

Abcut 4 500 yesrs sgo Pao ¢haetal vebapac s aroe from & common ancestor The table comtans data companng the tao cheetal) vubuges s

Cheeiah Subspecies Comparison Table

Cheetah Subspecies Ao, Jubatws | A relmeyd

Location Sovlyers Afcs | Eavlern Afnca
Number of Alleles Undiue 1o Subspecies T2 a2
Nubeer of Allebes Shared willi Connmon Ancestor 16 156

Whick subspecies i penetically more closel related 80 M6 ComMINON MC S0

@ .4 jwbanc

& A rained

PatB

Move the chestah subspacses and ther commmon ancestor mio the Blank hoxes on the cladogram to show the evolonary relatiomshps sdentefiad m
paet A
*= You wall mot seed to fill = all of the blamk boxes

Notes on Scoring

This response earns full credit (1 point) because it
correctly identifies the subspecies that is genetically
most closely related to the common ancestor, and it
correctly completes the cladogram to illustrate that
relationship.
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Sample Response: 0 points

The fallowumg questson has Two parts Fand anvoer pat A Thed, anawer pan B
Part A

Abour 4, 500 vesss sgo two chaetal vabapecims anoe Bom & common ancestor The iabde contans data companng the fwo chaetal snlbuges s

Cheeial Subspecies Comparisen Table

Chiectal Subspecien A, Jubaties | AL ralnerd

Location Soulers Afncs | Eaviern Afnea
Number of Alleles Unique 1o Subsproies n "
Number of Albekes Shaved with Common Ancestor 134 156

Which subaperies is peaeti ally more Closeh relited 10 My COTUDON BOCeRI0"

& ) juberna

. <L) Pty

Fanm B

Mban e the cheetals subapedies md Gen ©omaon sicestor mho The Hask boxes on the <ladogram o shaw the @ olatsnan relshosships wentifesd n
jpar A
= Yow will mat need 10 fill w all of e blank boses

Cheetah Cladogram

HME A roineyl | | :
e o o o TSR

S

Notes on Scoring

This response earns no credit (0 points) because it does
not correctly identify the subspecies that is genetically
most closely related to the common ancestor in part A.
Although part B is correct, part A and part B are linked,
and both must be correct in order for the response to
earn 1 point.
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Sample Response: 0 points

The fallovesy quismbsom has two parts Fant ansuer part A Then, answer part B
Fart A
Abour 4 500 Vedrs ago Mo cheetal vabapec s 30w ol & common ancesior The table coafaus data compasing he tuo cleetal vibage s

Cheetah Subspecies Comparison Table

Location Sowthernn Afnca | Eaviern Afnca
Number of Alleles Unigue o Subspecies T2 92
Numsber of Albebes Shared with Common Ancestor 13 L34

e b wulmpecers i proctc alh more closeh releted fo i OosEEROS Macedor

® 4 ples

A oy rmen

Nhew fhee (lprealy sleague pre il O (omumsons iy eoli gt the Tlmal Tartes on e o Diadonmt s b e Qe o chifrmanr, reastunchigs ciefifsed m
Pt A
* Yow wall oot pid 82 Gl o a2l of B Haal o

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly completes the cladogram to identify the
subspecies that is genetically most closely related to
the common ancestor. Although part A is correct, part
A and part B are linked, and both must be correct in
order for the response to earn 1 point.
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Sample Response: 0 points

The Pollowmg quslads hai Two paats Fanl aoviver part A Then, siswer it B
Fart &

Aboil 4 00 veags dgo o ¢heetal wabapec s arose oo a comunon andestor The tabde contams data companng the Buo ¢ leetal sulnge: s

Cheetah Subspecies Comparivon Table

Chectah Sulnpecies A, Jubaties | A radmerd
Locatian Soutlern ABwa | Eavtern Afnea
Number of Allebes Unique (o Subspecies n 02
Number of Alleles Shared wilh Common Ancesior 138 136

Which subspacies 1 peetically more closely selaied o by conumon ancesor™

@ A jubara

L TR L

PFari &

Move the cheetal subspecses and fhewr commmeon ascesion mio the blask bowes cn the cladogrmm o shom the molubonary relahionudoga. destsfind n
part A

* Yo will mot mead to (10 o 1l of the blank benss

Cheetah Cladogram

. A jubaluy I;J.I'ﬁln'i

Y

Commaon |
Amc WWE

Notes on Scoring

This response earns no credit (0 points) because it
incorrectly completes the cladogram to identify the
subspecies that is genetically most closely related to
the common ancestor. Although part A is correct, part
A and part B are linked, and both must be correct in
order for the response to earn 1 point.
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